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ABSTRACT 
 
Many efforts of urban and transportation planner have tried to integrate land use and 
transportation planning for years. Those efforts could be grouped into two approaches, 
developments of analysis tools and planning frameworks. Due to the complicated 
relationships of land use and transportation, and limitations of data availabilities, budget, 
and human resources, the development of advanced analysis tools are difficult to be 
implemented in poorly planned cities. Therefore, the planners in these cities have 
employed the planning concepts to integrate land use and transportation plans. Through 
planning concepts, many impact assessment frameworks have been developed and 
utilized as the tools to balance land developments and transportation capabilities. 
However, because of different analysis levels, the existing impact assessment frameworks 
are suitable for micro and macro planning levels only. While land use planning utilizes 
the zoning system to control land developments in the Mezzo-Scale, there is no any 
impact assessment framework to deal with the consequences of urban growths at this 
level. This makes the integration of transportation and land use planning becomes 
difficult. To fulfill this gap of knowledge, this dissertation have proposed an alternative of 
impact assessment approach, Integrated Zonal Impact Analysis (IZIA) framework, to 
improve managing urban developments, especially for poorly planned urban areas. In 
addition, another two interesting points were also explored through the findings of study. 
They include an alternative of impact integration, and the enhancement of stakeholders’ 
roles in land use and transportation planning. 
 
The proposed IZIA framework consists of four main parts, consisting of the land use 
planning data preparation, transportation planning data preparation, zonal development 
impact assessment, and the participation of community in integrated impact assessment. 
Under this framework, the impacts are assessed and analyzed into the zonal level so that 
the development impacts caused any land use project can be obviously distributed into 
each zone. This study applied the proposed IZIA framework into Bangkapi District, 
Bangkok, as a case study. The shopping center project(s) was considered for the land 
development projects. Based on land development potentials in Bangkapi, there were 
three zones considered for implementing the forthcoming project. They include Zone 168, 
173 and 179. To simulate the traffic impacts, the new transportation database system was 
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prepared into the zone-base, and eight development alternatives were created by including 
single and simultaneous developments, and the base case without any development 
project. Based on the comparisons of normalized traffic impacts among single 
development alternatives, it was found that the implementation of project in Zone 179, 
was the best alternative, because of lowest total impact index. In simultaneous 
alternatives, the best alternative was the case of two projects in Zone 168 and 173. The 
zonal impact distribution of both best alternatives pointed out Zone 170 was significantly 
affected by the traffic impacts of projects. The traffic impacts were considered into the 
further secondary impact assessments, including economic and environmental impacts. 
Both kinds of zonal impact assessment gave the same suitable alternatives. This might be 
because these secondary impacts were estimated based on traffic impact indicators, so 
their secondary impacts were similar to the traffic impacts. However, according to 
assessments of economic and environmental impacts, it was very evident that pollution 
impact costs were very huge social costs. 
 
The dissertation also tried to investigate the public preferences on development impacts. 
There were three stakeholder groups, including residents, commuters, and visitors. Their 
preferences and opinions were collected through questionnaire and interview surveys. 
Totally, there were 1,064 questionnaires collected, but after the data verification, only 972 
samples could be used as the final samples or about 91.35 % of obtained total samples. 
The statistical and multivariate analysis methods, including independence tests with χ2-
Tests and Cluster Analyses, and Analytic Hierarchy Process (AHP) were employed. It 
was found that the public gave more value sense on the environmental issues than 
transportation issues. This informs that most people really want to improve the 
environmental conditions in the study area. The priorities of economic and environmental 
impacts were 0.36 and 0.64, respectively. These weights were necessary to be considered 
as the interrelationships between impacts in the viewpoints of social values, and they 
were utilized into the impact integration process. The average values of acceptable 
development impact levels were determined to estimate the willingness of communities 
for accepting such impacts. The average of acceptable travel cost for whole study areas 
and all stakeholder groups was 24.69 Baht/trip. The average of acceptable travel time for 
whole study areas was 23.35 min/trip. The useful information of community perception 
was provided so that an effective impact mitigation plan can be developed. 
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In the integrated appraisals, the dissertation has proposed an integrating way based on the 
interrelationship between economic and environmental impacts in the community’s 
viewpoints. As the results, the communities in Bangkapi gave more importance on 
pollution impacts rather than economic impacts, about 1.78 times. This value was called 
“Comparative Impact Weight”, and utilized into the integration of impacts. Based on this 
social value, willingness to accept integrated impacts could be estimated in order to 
calculate Index of Acceptance of Development Impact (IADI) for identifying the 
sensitive area. It was found that in single developments, Zone 170 was the sensitive area, 
as shown by its IADI higher than 1.00. In simultaneous developments, although there was 
no sensitive area, but Zone 176 and 170 occupied the highest indices compared to other 
zones. Particularly in Zone 170, it was emphasized that this zone was imposed by severe 
impacts of development project in any zone of Bangkapi. This is unfair for the people 
living in that zone. Therefore, planners should pay attention to mitigate the negative 
consequences in these areas.  
 
In addition, the influencing factors of zonal conditions towards zonal development 
impacts were also investigated. The results presented that the condition of networks in 
each zone mainly influence on the development impacts distributed into each zone. 
However, the relationships were in the positive directions. This finding implies that more 
roads may increase more trips in the zones, so the management approaches, including 
transportation system and travel demand management, are necessary. Base on the public 
perceptions surveyed, planners in Bangkapi are recommended to provide the plans into 
two levels, consisting of overall and specific area levels. In the overall area level, the 
plans should be based on the existing conditions of land uses in each zone. As shown in 
the analyses, the conditions of zones can effect to the public preferences, due to their 
experiences in the areas. For the specific area level, it should be considered based on the 
stakeholders’ characteristics in each zone, including socio-economic conditions, travel 
behaviors, and life styles. The main goals of impact mitigation plans should be to 
conserve or increase the qualities of living environments.  
 
Finally, it can be concluded that the IZIA framework is a strategic planning process to 
effectively control the future urban developments into the direction of livable cities. 
 vi
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CHAPTER 1 
INTRODUCTION 
 
1.1 BACKGROUND 
 
Apparently in many urban areas, improvements of transport infrastructures and land use 
regulations cannot keep pace with the speed of economic growth and urbanization. This 
imbalance causes to the severe traffic congestions in those cities and results to increase of 
the negative impacts generated by traffic, including environmental, economic, social 
effects, over urban area [Hayashi, 1996]. There is no doubt that lack of urban sprawl 
control is one of the major causes contributing to these broader adverse impact problems 
through the interactive mechanism of urbanization and motorization. Hokao and 
Mohamed (1999) explained that the control of urbanization by land use strategies is very 
powerful and useful in achieving objectives of congestion alleviation, environmental 
degradation control, and improvement of quality of life. 
 
Particularly in weakly planned cities of developing countries, it has been pointed out that 
their urbanizations are very rapid and dramatic, so the integration of land-use and 
transportation planning is very necessary. However, up-to-date the interdependence of 
patterns of urban form and transportation networks still are ignored in these cities. 
Especially in Bangkok, the effects of land-use changes on the transportation systems, 
especially in term of trip generations, are not taken into account [OCMLT, 1995a], 
although the rapid land-use changes are easily experienced in the city. Eventually, the 
infrastructure planning process cannot provide transportation capabilities in serving land 
developments in each area of Bangkok.  
 
1.2 PROBLEM STATEMENT 
 
To achieve the goals of sustainable urban growths, many studies have been conducted to 
understand this integration of land use and transportation developments. Generally, the 
efforts to integrate land use and transportation planning can be separated into two 
development approaches, consisting of analysis tools and impact assessment frameworks. 
In developing analysis tools, it focuses on the land use and transportation interaction 
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modeling. The interaction modeling has been established for well planned cities, 
especially in developed countries. However, there are some limitations that make the 
advanced modeling approaches cannot effectively function in developing cities. The 
travel patterns and activity distributions in poorly planned cities of developing countries 
are in the organic forms, so they are very complicated, not just depend on accessibilities. 
The behaviors of people in such cities are not reliable and also difficult to be anticipated. 
These make the basic assumptions of modeling are not really true in their cities. In 
addition, their land use growths are very complex, because of mixed usages and very fast 
urbanizations [Miyamoto, 1992, Kidokoro, 1992, and Miyamoto and Udomsri, 1996]. In 
practices, lacks of human resources, budget, reliable necessary data, is also the obstacle of 
implementation. [Miyamoto, 1992].  
 
According to the modeling approach is too far from materialized in many cities, planners 
have tried for another approach that is the development of impact assessment framework 
[Gakenheimer, 1993]. Normally, it can be classified the impact assessment frameworks 
into two scales, macro and micro levels. The macro scale focuses on the whole city area, 
and the impact assessments are regularly conducted at the policy, program, and plan 
(PPPs)-base to provide a strategic plan. The impact assessment frameworks applied at this 
level include Environmental Impact Assessment (EIA), Strategic Environmental 
Assessment, and Integrated Impact Assessment [Pope, 2004]. For the micro level, it 
emphasizes the development impacts at the site area or project-base. The project-base 
frameworks include development impact assessment, community impact assessment, 
social impact assessment, and economic impact assessment. The environmental impact 
assessment can be modified to consider the impacts at the site level as well. For the 
project-base impact assessment frameworks, they employ the traffic impact assessment 
(TIA) to assess the effects of land uses on transportation systems [Bruchell, et al. 1994, 
Edwards, 2000, and Lohani et al., 1997] by considering the site impacts. 
 
The recent progress of land-use and transportation planning integrations in developing 
countries is the challenges of TIA in EIA [Hokao and Mohamed, 1999 and Regidor and 
Teodoro, 2003]. However, the TIA application in such cities cannot effectively control 
urban growths to balance with the networks improvements in each area, because it 
focuses on development site level only. Moreover, while TIA considers a development as 
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a single project, the urbanization process has been resulted by simultaneous developments. 
At the present, the consequences of urbanizations do not affect into any specific field, but 
they become wide spread and various adverse effects have to be considered by planner for 
sustainable cities. TIA mainly focusing on traffic impacts is insufficient to manage and 
control other adverse impacts of land development projects. 
 
It can be understood that while transportation field consider the impacts at macro and 
micro levels, land use field utilizes the zoning system, the mezzo planning level, to 
control land developments for any part of city in practice. This creates a gap between land 
use and transportation planning, and makes the integration more difficult, especially in 
poorly planned cities. To deal with the impact analysis at the mezzo-scale, the obstacle is 
lack of applicable impact assessment framework. Therefore, to apply the impact 
assessment at the mezzo-scale and to conquer the problem of framework availability, this 
dissertation is conducted to propose an alternative of impact assessment, namely 
Integrated Zonal Impact Assessment (IZIA). Under this framework, the capability of 
impact assessment is extended to cover the simultaneous developments. Moreover, 
various impacts of urban land developments are taken into account, and eventually they 
have to be integrated in the assessment process. 
 
Although, integrated impact assessment is increasingly accepted as the important issues in 
the planning field, but the development of a methodology for conducting integrated 
appraisal, and for incorporating stakeholder participation into the assessment process is 
still at an early stage. Most traditional integrated impact assessment methods are relied on 
the summation of impact assessments at decision making stage [Bond et al., 2001, Toth 
and Hizsnyik, 1998, Scholten and Post, 1999, and Lee and Kirkpatrick, 2001, 1997a, 
1997b] without concerning the interrelation between impacts. This has been criticized that 
the integration should be more than the sums of separated environmental, economic, and 
social assessments, so that it can reflect the authentic needs of human communities [Pope 
et al., 2004, Eggenberger and Patidario, (2000), and Post et al, 1997]. In addition, the 
public power is often included in the last step of decision making. It does not really play 
the significant role during the integrated impact assessment process. Therefore, it can be 
seen that major methodological and practical issues remain to be resolved. 
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In the proposed IZIA framework, an alternative of integrated impact assessment is 
proposed. The integration process is conducted based on the public judgments or 
preferences. The interrelationship between impacts is included via the senses of 
communities. Furthermore, the public participation significantly plays the roles in 
integrating impacts and identifying sensitive area towards land development impacts. By 
using this framework, the public participation is strongly encouraged into the planning 
and impact assessment processes. 
 
1.3 OBJECTIVES 
 
The main goal of this study is to propose a strategic planning process, namely Integrated 
Zonal Impact Analysis (IZIA) framework, to balance land development and 
transportation improvements. Additionally, in order to plan for sustainable developments, 
The IZIA model emphasize not only specific traffic impacts of new trips generated land 
developments, but other secondary impacts, including economic and environmental ones, 
are concerned in the model. The public participation is also included into the framework 
of analysis so that the roles of community can be encouraged for managing the 
urbanizations of their city. Under the goals, this research work specially aims to achieve 
the following objectives; 
 
• To develop the framework of Integrated Zonal Impact Analysis in balancing 
land developments and transportation improvements. 
• To propose an alternative of integrated impact assessment for development 
impacts. 
• To propose an identification process of sensitive areas towards land 
development impacts based on the preferences of communities in each area. 
• To apply the proposed IZIA framework into Bangkapi District, Bangkok as a 
case study. 
• To identify a suitable land use development alternative in Bangkapi District 
for mitigating the traffic impacts of development project and others secondary 
impacts of economic and environmental aspects. 
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1.4 SCOPE OF STUDY 
 
The study area is Bangkapi District in Bangkok area. The research does not focus on the 
kind of development project, but it is more emphasized on traffic impacts, and its 
secondary impacts, including environmental and economic impacts. The traffic noise and 
air pollution are focused in the environmental impact assessment, while the economic 
aspect concerns on travel costs consisting of travel time and vehicle operating costs. To 
assess the environmental and economic impacts, the study employs the secondary data 
from reliable sources. In identifying sensitive areas towards land development impacts, to 
estimate willingness to pay for the additional costs caused by new development projects, 
it is calculated by acceptable level of maximum impact costs from the surveys, and 
number of trip production and attraction in a zone. For the integrated impacts, though 
social impacts are not considered, but the social component is included into the study as 
the interrelationship between economic and environmental impacts based on the 
preferences of communities. 
 
1.5 EXPECTED RESEARCH CONTRIBUTIONS 
 
This research intends to improve the coordination of land use development and 
transportation capabilities through propose a new strategic planning process, Integrated 
Zonal Impact Analysis (IZIA) framework. This process is expected as the unambiguous 
and flexible of simulation approach, especially in the cases of weakly planned cities. The 
expectations of research are that an integration alternative of land use and transportation 
planning can be established together with the development of a methodological 
alternative for integrated impact assessment. Under these expectations, some specific 
research contributions are described as following; 
 
• The traffic impact assessment base has been changed from the local network base 
into the zone-base of city. It enhances the capabilities of impact assessment 
approach to consider for the intermediate analysis level between land use and 
transportation planning. This proposed framework will help to balance land use 
developments and transportation improvements by considering land uses and 
transportation networks provided in each zone. 
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• As the results of zone-base analysis, the traffic impacts can be exemplified into 
the assessment of secondary impacts, including vehicle operating costs and travel 
time costs for economic impacts, and air and noise pollutions for environmental 
impacts. In the present, these impacts are seriously considered into the sustainable 
developments of city, and planners cannot ignore them from the planning issues. 
• As explained before that most traditional approaches of integrated impact 
assessment are in the weak degree of integration, the integrated impacts are just 
the summation of separated economic, environmental, and social impact 
assessments. The interrelationship between impacts is not considered, thus they do 
not reflect what the society really needs. Under the proposed framework, the 
relationship between impacts can be determined and clarified obviously through 
the surveys of public judgment. 
• The critical issue of public participation in urban planning process is also 
considered into the integrated appraisal of IZIA framework. The stakeholder 
power is not included in the planning process at decision making step only, but it 
will play the important roles in the impact assessments. Moreover, their 
willingness towards development impacts is also determined and utilized to 
identify a sensitive area towards land development impacts. It can be seen that the 
community is encouraged to show more powers on the urban planning of their city. 
• By using IZIA framework, the study intends to identify the sensitive area towards 
development impacts. This sensitive area is useful for planners to realize that 
which zone should be paid attention more seriously for alleviating development 
impacts in the viewpoints of communities. The area stands for the community that 
has low willingness to accept the adverse impacts of development project, but 
they have been imposed by severe impacts. Particularly in the case that the 
community does not earn the benefits of project directly, planner should crucially 
mitigate such undesired impacts for them as the social welfares.  
 
In practical viewpoint, its contribution can be realized as the tool and data availabilities, 
especially when compared with the modeling approach of transportation and land use 
interaction planning. Most basic tools and necessary data of IZIA framework are possibly 
afforded in developing cities. 
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1.6 DISSERTATION OUTLINES 
 
This dissertation consists of seven chapters as shown in Figure 1.1. The first and second 
chapters are Chapter 1 and Chapter 2, respectively. In Chapter 1, it aims to explain the 
problem statement of research together with the objectives and scope of study. Chapter 2 
provides the reviews of literatures related with this dissertation, and it points out three 
limitations of existing knowledge, including the analysis level of the existing impact 
assessment frameworks, the role of public participation in impact assessment, and the 
way of impact integration. These limitations are fulfilled by the study of Chapter 4, 
Chapter 5, and Chapter 6, respectively. 
 
Chapter 3 aims to explain the study process of research and the framework of Integrated 
Zonal Impact Analysis. The steps of study are described into two parts, including 
experimental and practical studies. The experimental study is conducted to provide some 
basics of zonal impact analysis. The Integrated Zonal Impact Analysis (IZIA) framework 
is introduced in this chapter. The last part of this chapter is devoted for the results of 
experimental study. Some findings are useful to be discussed for the other chapters. 
 
In Chapter 4, it mainly focuses on the results of application of IZIA framework in the 
real world case study. The simulation processes of traffic impacts caused by development 
projects are described. The impact assessments of traffic, economic, environmental 
impacts, are conducted separately. In evaluating the impacts, the impact prediction 
models of each kind of impacts are discussed in details. Moreover, all zonal impact 
assessments have to be performed separately for single and simultaneous development 
alternatives, respectively. 
 
The investigation of public preferences on zonal development impacts is performed in 
Chapter 5. The data collection of communities’ opinions is described step by step. After 
the process of data acquisitions, the obtained data are verified and analyzed by various 
methods, including the tests of independences by Chi-squared Tests (χ2-Tests), Analytic 
Hierarchy Process (AHP) method, and Cluster Analysis method. The results of analyses 
provide the useful information, such as stakeholder perceptions on economic and 
environmental impacts caused by land developments, the importance of impacts in their 
senses, the relationships between judgments and stakeholders or zones etc. These findings 
 8
provide the important interrelationship between economic and environmental impacts that 
utilized into the process of impact integration, and some useful information in strategic 
planning of impact mitigation measures. 
 
Chapter 6 emphasizes on the integration of economic and environmental impacts that 
had been evaluated in the previous chapters. Before conducting the integration, the 
evaluation of environmental damage costs is explained. The public preferences in Chapter 
5 are considered again in this chapter as “Comparative Impact Weight” to be employed in 
the equation of integrated impacts. Moreover, the public willingness to accept the 
consequences of land development alternatives will be quantified to identify the sensitive 
area. The zonal characteristics are also determined their influences on the zonal impacts 
generated by land development project. This helps to understand that which criteria can 
influence on zonal development impacts and how different zonal conditions created 
different impact severities. 
 
Finally, the conclusion of dissertation is drawn into Chapter 7 as the last chapter. 
 
 
Figure 1.1 The chapter structure of the dissertation. 
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CHAPTER 2 
LITERATURE REVIEWS 
 
This chapter intends to review previous studies related with this research. Some efforts of 
land use and transportation integration planning were reviewed in the approach of 
analytic and planning ways. Together with the experiences of land use and transportation 
planning in developing countries, some limitations were explained. As the impact 
assessment approach is recommended to be an alternative to solve the problem of 
integrating land use and transportation planning, so some concepts of impact assessments 
are reviewed, especially for integrated impact assessments. Under the integrated 
appraisals, the stakeholder powers are concerned as the key components, therefore it is 
necessary to understand the basic concepts of public participation in urban and 
transportation planning fields. Based on the literatures of impact assessment frameworks, 
the existing limitations of knowledge are discussed to point out the importance of this 
study. These details of reviews are described into the following paragraphs. 
 
2.1 THE EFFORTS OF COORDINATION BETWEEN 
TRANSPORTATION AND LAND USE PLANNING 
 
It is palpable that both transportation investment and urban development have the close 
relationships, as shown in the urbanization histories of many cities around the world. The 
set of relationships between transportation and land-use can been summarized as the land-
use transport feedback cycle in Figure 2.1. 
 
 
Figure 2. 1 The land-use transport feedback cycle 
Source: Weneger (1995) 
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Weneger (1995) explained that the distribution of land-use, such as residential or 
industrial area, can determine the locations of human activities, such as living and 
working. In addition, these distributed human activities in spaces will require spatial 
interactions or trips the transport system to overcome the distance between the locations 
of activities, therefore the distribution of transportation infrastructures can create 
opportunities for spatial interactions that can be measured as “accessibility”. Finally, this 
is seemed to be the distribution of accessibility. 
 
To integrate land use and transportation planning, some efforts have been exhausted into 
two parts, consisting analytical tool developments and planning concept developments as 
shown in Figure 2.2. In the analytical tool developments, the interactions between 
transportation and land use sides must be taken into account to develop the theories of 
interaction modeling. The developed models are utilized by planners as the tools to 
provide the perceptions on the relationships between the characteristics of activity areas, 
including land use type, size and location, and their access demands. The predictabilities 
of land use and transportation interactions are useful for planner to shape and optimize the 
benefits of urban growths or diminish the adverse effects of land developments. It can be 
seen that the interaction models can play the roles as the powerful analysis tools to 
determine the influences that both planning fields affect to each other. For the 
developments of planning concepts, they concern the ways to evaluate the advantages and 
disadvantages of land development alternatives. Afterwards, they try to implement the 
most suitable alternative in the context of land use plans. It can be seen that what planners 
try to achieve is the planning process to determine the impacts of existing and proposed 
land uses on transportation networks in term of trip generation. They attempt to directly 
coordinate land use and transportation planning through limiting land developments or 
improving the networks in developed areas. The interactions between land use and 
transportation are not included into the consideration, so the system is considered as the 
static system that is in the equilibrium stage [Blunden, 1971, Bates, 1999]. In addition, 
the integration efforts in Figure 2.2 can be also separated into two planning scales, large 
and small scales. The former focuses on the whole city areas or macro level, most actions 
are considered as the policies, plans and programs (PPPs). Sometimes, the outcomes of 
this planning level are implemented for strategic plans to control the urban growths by 
accomplishing the desired planning targets [Ravetz, 2000]. The later considers at the 
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specific site level, so it becomes the project-base analysis. The land use and transportation 
modeling significantly influence in the level of PPPs, while it becomes less influences in 
the project-base. On the contrary, the planning concepts, particularly in term of impact 
assessments, can considerably play the evaluating and monitoring roles in both levels. 
 
 
Figure 2.2 The efforts to integrate land use and transportation planning 
Source: Author. 
 
2.1.1 THE DEVELOPMENT OF ANALYSIS TOOLS 
 
As explained before, the efforts in this part have been mainly dedicated for developing 
interaction modeling. Regarding the functions of models, the land use and transportation 
models can be classified into optimizing and predictive models. The optimizing models 
aim to optimize urban system or components rather than to concern about the travel 
behaviors of people in the city. They can be informative for research and long term 
planning, but in general they are difficult to link to the practical planning problems of 
individual cities or regions [Bates, 1999]. The predictive ones try to predict the location 
of activity areas and possible travel patterns in the future. Most of models are relied on 
the predictions of future activity and trip distributions, because their results are more 
reliable. If consider in theoretical and methodological standpoints, these interaction 
models can be classified into 5 approaches [Engelke, 1995], consisting of Lowry Model , 
Normative Planning and Mathematical Programming Developments, Multisectoral 
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Spatial Modeling Using Input-Output Frameworks, Urban Economics Approach, and 
Micro-Analytic Simulation. The desired land use plan alternatives can be created and 
evaluated through these advanced models. In some policies or plans, alternatives of land 
use plans are developed by the models, and evaluated by the process of planning concepts 
or frameworks in the way of impact assessments and project evaluation. 
 
All of the modeling approaches try to catch the basic concept of behavioral interaction. 
Some criticisms, however have tended to revolve around (1) conceptual issues of model 
realism and hence usefulness; (2) practical issues of data availability and quality, as well 
as computational requirements and ease of use; and (3) the role such models are to play in 
the planning process [Engelke, 1995]. Particularly for practical issues, Lee (1994) argued 
that in the study of land use and transport interaction, planners may be trying to get too 
much detail into the models. As planners add more detail and functionality to what are 
already rather ambitious models, they loose flexibility in the application and increase 
expensive data requirements. This point is more obvious when it is considered in the 
cases of developing countries. As lack of tracing the evolution of land development and 
transportation infrastructure improvement, therefore the availability of such necessary 
data for modeling is seem to be extremely difficult in those countries. In addition, the 
land use and transportation relationship in these countries are too complex to be modeled 
into the proposed interaction modeling concept. As the general models are assumed that 
activity location distributions are mainly depended on the accessibility distributions (See 
Figure 2.1), but it has been argued the modeled land use and transportation interactions 
are true, when the accessibilities is a scare commodity only [Cervero, 1989, and Landis, 
1996.]. In developing cities, because of inexpensive transport, little planning control and a 
deregulated land market, the relationships are much more complicated [Miyamoto, 1992, 
Kidokoro, 1992, Miyamoto and Udomsri, 1994, Cervero, 1989, and Landis, 1996].  
 
2.1.2 THE DEVELOPMENT OF PLANNING CONCEPTS 
 
In fact, urban and regional planning theory and the theory and practice of impact 
assessments have largely proceeded along parallel but separate paths, particularly in 
environmental impact assessment (EIA) [Lawrence, 2000]. For years, the frameworks of 
impact assessments have been utilized to determine the impacts of land uses on 
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transportation fields, and the effects of transportation projects on generating land 
developments. Definitely, the applications of impact assessments are not limited in the 
viewpoints of land use and transportation only, but the other fields are also extended to 
earn the optimized benefits of projects, such as in controls of pollutions caused by 
development project, decrease of social intensions in opposing any public project, etc. 
However, the other applications are beyond the scope of this dissertation.  
 
To understand the characteristic of each impact assessment framework, it is useful to 
discuss about the evolution of planning concepts and developments of impact assessment 
frameworks. On the mainstream planning theories, they can be briefly classified into 5 
concepts, including rationalism, pragmatism, socio-ecological idealism, political-
economic mobilization, and communications and collaboration. During the evolutions of 
these planning concepts, the impact assessment approach have been created as the parallel 
tools in evaluating and controlling of urban and regional planning as shown in Figure 2.3. 
Most impact assessment approaches have been originally developed based on the 
environmental impact assessment (EIA).  
 
 
Figure 2.3 The developments of planning concepts and impact assessment frameworks 
Source: Authors (Combined from Lawrence, 2000, Lee and Francis, 2001, Pope et al., 
2004, and CALTRANS, 1997). 
 
By the 1960s, the rational planning concept was progressively refined with the addition of 
a problem, need, or opportunity to be addressed; goals, objectives, and criteria; the 
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generation and evaluation of alternatives; and explicit links to implementation. The EIA 
process was generally paralleled with the rational planning process by sharing many 
characteristics, positive and negative tendencies of rationalism. However, at this stage the 
problem definition, formulation of goals and objectives, and generation of alternatives in 
the EIA process were ambiguous. Second, it is the pragmatism planning, a normative 
planning theory, starts from the premise that knowledge-based experience should guide 
planning action. According to this planning approach, it motivated the EIA to become 
more pragmatic through streamlining, harmonization, procedural integration, and scoping. 
Implementation, impact management, and EIA quality and effectiveness were paid much 
more attention by planners. These resulted to improve both theory and practice of EIA, 
particularly for the establishment of development impact analysis (DIA) framework.  
 
Third, Socio-ecological idealism (SEI) was generated since 1970s to reintegrate social 
and environmental substance into the planning process. SEI was broadened to address 
relationships among the human, built, and natural environments, and to integrate 
environmental values and ethics. These interests led the planners to concern the issues of 
integrated impact assessment (IA), and just recently they have been extended to the 
sustainability assessment (SA) [Pope, 2004]. The concerns of additional social and 
ecological impact components are evident in life cycle assessment (LCA), strategic 
environmental assessment (SEA). Fourth, Political-economic mobilization (PEM) is a 
reaction against the lack of political and economic substance with rationalism. PEM 
involves active and direct political action by individuals, groups, and movements. PEM 
has a particular concern with social, economic, and environmental justice, unequal power 
relations, community empowerment, and the need for structural change. In this planning 
concept, there was no obvious development of impact assessment framework, but it could 
be realized that during this period the interests of social impact assessment (SEA) and 
EIA were stimulated again. Fifth, the communications and collaboration (CC) is the most 
recent planning theory. Under this concept, the collaborative planning is a central feature 
of EIA theory and practice. Principles and methods for public education, involvement, 
and shared decision making are well developed. Eventually the framework of community 
impact assessment (CIA) is established to effectively include the stakeholder powers into 
the planning process. 
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As shown in Figure 2.2, the mentioned impact assessment frameworks can be utilized to 
appraisal the urban development impacts into two levels of city planning, policy, plan 
program (PPPs) and project levels, as well. In the PPPs level, IA and SEA have been 
utilized to consider the impacts for the overall urban areas [Pope, 2004]. Not only the 
impacts of a land use project are evaluated, but they consider the total conditions of land 
use characteristics of the city. The interaction models are employed to generate an 
optimum land use growth pattern based on the evaluation of total impacts, including 
economic, environmental, social, and integrated impacts. The outcomes of IA and SEA 
frameworks are taken into account to develop the strategic plan, that usually called 
comprehensive or master plan. However, the framework of regular EIA is also available 
to evaluate the impacts of urban developments in metropolitan areas, such as in Bangkok, 
Manila, etc. To evaluate the impacts of a land development project, some impact 
assessment frameworks have been established to deal with the specific impacts and 
influenced parts of city areas. These project-base frameworks include development 
impact assessment, community impact assessment, social impact assessment, economic 
impact assessment. The environmental impact assessment can be modified to consider the 
impacts at the site level as well. For the project-base impact assessment frameworks, they 
employ the traffic impact assessment (TIA) to assess the effects of land uses on 
transportation systems [Bruchell, et al. 1994, Edwards, 2000, and Lohani, 1997] by 
considering the site impacts. The TIA also plays the important roles in the contexts of 
development planning, planning of urban centers and local areas, and regional planning 
[Wisdom and Henson, 2002]. 
 
It can be seen that many frameworks of impact assessment approach have been developed 
to deal with various issues of urban planning, not only for integrating land use and 
transportation planning. Therefore in the next sections, it is useful to discuss on the 
impact assessment concepts to provide some background and limited knowledge in the 
field. 
 
2.2 THE IMPACT ASSESSMENT APPROACH 
 
There are so many objectives for future planning of growing city, not only minimization 
of traffic congestion. They also include air pollution control, provision of affordable 
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housing, maximization of economic development, minimization of taxes and fees, 
preservation of historical and cultural sites, provision of adequate utility infrastructure, 
minimization of change, provision of adequate education and safety [Balling et al, 1999]. 
In fact, it is impossible to develop plans that achieve all objectives, and trade-off must be 
made based on the relative importance of one objective against another. The impact 
assessment is a tool to control the consequences of project and help to meet the targets of 
project. It can eliminate or relieve the adverse impacts of any project. The considered 
impacts of a project do not concern on traffic impact only, but also include the 
environmental, economic, social impacts into the lists of assessment. In addition, some 
researchers tried to include all types of impact for simultaneously assessing impacts of a 
project, so called “integrated impact assessment”. In this section some studies of impact 
assessment were reviewed, while the conceptual assessment was also explained. 
 
2.2.1 THE CONCEPTS OF IMPACT ASSESSMENT 
 
Impact assessment as a systematic field of study has its origins in the U.S. National 
Environmental Policy Act (NEPA) that became law in 1969. This law requires an 
environmental impact statement (EIS) be submitted for any project or development that 
would incur environmental impacts. It is very difficult to give a perfect definition of 
impact assessment, as impact assessment is an art rather than a science. Vanclay and 
Bronstein (1995) defined impact assessment as “the prediction or estimation of the 
consequences of a current or proposed action”. A more elaborate definition is provided by 
Treweek (1995) within an ecological context. He describes ecological impact assessment 
as “a formal process of defining, quantifying, and evaluating the potential impacts of 
defined actions on ecosystems”. These two definitions, however, emphasize the 
predictive capability of impact assessment. Westman (1985) identifies two major 
components in impact assessment. They are impact analysis, which is objective 
identification, quantification, and summarization of the occurrence of impacts; and impact 
evaluation, which is a subjective process of determining the significance of impacts based 
on the results of impact analysis. 
 
Barrow (1997) explained that the assessment of impacts depends on human perception, 
something that is complex and not static. The impact assessment should concern with the 
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continued welfare of people and the stewardship of nature and society. Although the 
target of impact assessment is to flag negative impacts of a project, it has to point to 
potentially beneficial opportunities also. The emphasis tends to be on the avoidance of 
problems, but impact assessment can also help ensure that benefits are fully realized. It is 
important to stress that impact assessment should consider all possible alternative, include 
no development project alternative, to make no change. Communities and governments 
should utilize the impact assessment, because it offers a chance of keeping away from the 
public sector having to pay to rectify environmental and socio-economic impacts often 
caused by the private sector. Especially in Asian developing cities as Bangkok. Jakarta, 
Manila etc., such kind of this situation was often occurred for development projects, such 
as shopping centers, residential projects, theaters etc. Many attempts at developments 
have been “Faustian bargains” – they sacrifice long-term well being for short-term gains 
often obtained at the expense of damage to the environment or to people’s physical and 
mental welfare [Barrow, 1997]. 
 
People tend to react toward environmental and social threats in one of three general ways 
[O’ Riordan and Rayner, 1991]: 
 
• Preventive Approach: It means that people think nature is fragile, and it is 
morally wrong to abuse nature. 
• Adaptive Approach: It means that people think nature is robust, and it is 
morally wrong to curtail development. 
• Sustainable Development Approach: It means that people think nature is 
robust, with in limit, it is morally imperative to preserve nature enough not to 
reduce choice of options for the future. 
 
The impact assessment should emphasize a preventive, systematic, holistic, 
multidisciplinary approach to environmental protection and sustainable development. 
Furthermore, it should be also predictive and feed into planning, so that beneficial 
modification is possible, but in practice the application is often retrospective and stock-
taking. 
 
2.2.2 SOME IMPACT ASSESSMENT FRAMEWORKS 
 
To provide more perceptions on the impact assessments, some impact assessment 
frameworks were reviewed and summarized into this section. The study briefly explained 
 18
for three frameworks, including environmental impact assessment (EIA), strategic 
environmental assessment (SEA), and integrated impact assessment (IA) (or sustainability 
assessment-SA). Most case studies that explained in the literatures focus on the impact 
assessment in transportation and infrastructure projects. 
 
The Environmental Impact Assessment (EIA) 
 
EIA was first established in developed countries in the early 1970s, because the 
realization of failures to consider unfavorable impacts of economic development activities. 
They have adopted EIA processes to examine the social and environmental consequences 
of projects prior to their execution. The purpose of these processes is to provide 
information to decision makers and the public about the environmental implications of 
proposed actions before decisions are made. An environmental impact is defined as an 
estimate or judgment of the significance and value of environmental effects on physical, 
biological, social or economic environment [Lohani, et al., 1997]. 
 
EIA can play the important roles in resolving the environmental problems through its 
ability to contribute to environmentally sound and sustainable development. Particularly 
for developing cities like in Bangkok, Manila, Jakarta, the EIA processes have been 
incorporated into development planning. The application of EIA can be classified into 
four scales, consisting of national, regional, sectoral, and project levels as shown in Table 
2.1.  
 
Table 2.1 Integration of environmental concerns into development planning 
Level Integration of Environmental Policies and Procedures 
Environmental Assessment Planning or 
Management Techniques Used 
• Environmental profiles 
National Environmental policy included in national action plan • International Assistance Agency Country 
Programming 
• Integrated regional development planning 
• Land use planning Regional Economic-cum-environmental development • Environmental master plans 
• Sector environmental guidelines Sectoral Sectoral review linked with other economic sectors • Sector review strategy 
• EIA Project Environmental review of project activities EIA procedures • Environmental guidelines 
Source: Lohani, et al., 1997 
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The aim of national planning is to set broad economic, environmental, and social 
development goals for the country’s continuing development. At this level, mechanisms 
employed include the formulation of a national conservation strategy, environment and 
natural resources management plans, state-of-the-environment reports, environment and 
natural resources profiles for developing countries and incorporation of environmental 
and natural resources considerations in economic planning and national development 
plans. These activities are specific elements of the overall national environmental policy. 
 
Regional planning defines broad land use allocations for a geographic region, normally at 
the subcountry level. At the regional level, the approach should integrate environmental 
concerns into development planning. This approach facilitates adequate integration of 
economic development with management of renewable natural resources to achieve 
sustainability. It fulfils the need for macro-level environmental integration, which the 
project-oriented EIA is unable to address effectively. Such regional plans can set the 
context for project-level EIA. In considering regional plans, the environmental impacts of 
alternatives need to be assessed. 
 
At the project planning level, EIA is the primary tool for integrating environmental 
considerations into project design and execution. Project proponents and regulatory 
agencies prefer to consider the environmental impacts of a single project. Ideally, EIA at 
the project level should take place in the context of regional and sectoral level planning; if 
this is not feasible, the scope of EIA reports may have to consider broad land use issues. 
In addition, if environmental effects are considered only at the project level, decision 
makers will have difficulty taking account of cumulative environmental effects. These are 
impacts which may appear minor for any one project, but which become significant when 
groups of related projects are considered together. The absence of regional and sectoral 
planning increases the time and cost involved in the preparation of the EIA report and 
project approval. 
 
Sectoral planning focuses on the needs of individual development sectors (for example, 
energy, transport, and forestry). At the sectoral level, environmental guidelines and 
sectoral reviews and strategies should be formulated and integrated into various sectoral 
plans. This will help to address specific environmental problems that may be encountered 
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in planning and implementing sectoral development projects. Sectoral plans, however, 
must also consider the relationships between sectors to avoid land use and infrastructure 
conflicts. 
 
Most EIA studies pointed out that the present environmental damages are one of the 
major social costs, so it is no longer valid to exclude them as the externalities. Goodland 
(1994) pointed out that the foremost environmental impacts of transportation are derived 
from energy consumption, one third of total energy consumption in the world. For the 
environmental impact of transportation can be classified into many forms, pollution, 
disposal of old vehicles, and land use impacts. The pollution from transportation sector is 
bigger challenge than from industry or power generation, because of the multiple and 
mobile pollution sources. In addition, transportation pollution embraces a wide array of 
pollutants, they are the major, permanent, irreversible impacts of transport. To reduce this 
kind of impacts, it requires stabilization of preempted areas and improvement in the 
efficiency of existing transport infrastructure space, such as traffic management schemes, 
the consideration of environmental impact assessment in the project, transit promotion. 
Not only environmental impacts should be concerned, but the social and health effects 
should be included into the evaluation also. The congestion, urbanization, environmental 
implications of privatization, and poverty in transport and environment are contained in 
the social impact assessment. In the urbanization, when city size has been increased, more 
trips have to be made by motorized means, resulting in proportionately higher operating 
costs and neglect of the mobility needs of the poorest. For the health effects, they concern 
about accidents and no accident health impairment, for example, carbon monoxide and 
other motor pollutants damage the respiratory and cardiovascular system, and inhalation 
of leaded gasoline fumes raises blood lead levels, impairing learning ability.  
 
To alleviate the impacts, policy needs to be avoidance oriented rather than supply 
oriented. New capacity often fails to ease congestion and may even worsen it. Land use 
planning must become a major element combined with market systems where possible. 
Furthermore, the lest-cost planning should be adopted more in the transport and other 
sectors. However, the technological solutions may be occasionally useful when the land 
use issues are politically difficult to be implemented. 
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According to the concept of traffic service, economic, and environmental involvements in 
the highway location process, Wilson and Stonehouse (1983) proposed the computer 
aided overlay technique to include the environmental concerns into the Bridgetown By-
pass project. The environmental impact studies of this project could be separated into two 
groups, the physical and social environments. The physical environment concerned six 
factors, including water regime, erode ability, woodlands, unique ecological areas, 
wildlife, and agriculture. Another consisted of development, noise, utilities, recreation, 
unique cultural features, and esthetic or scenic. To use this approach in the evaluation, 
they gave a number of reasons that it is very simple and easy to understand for other 
professionals and to laypeople, especially it can lend itself to computer application for the 
manipulation and aggregation of the predicted impacts of a highway location. However, 
there were two its disadvantages to be considered, the first was that six shaded overlays 
laid on top of one another would not give a discernable result that could be accurately 
used, and the second was that it could not rate the relative importance of each factor, 
since all were assumed to be equal. In order to improve these problems, the numerical 
shading technique, weighting factor, was applied by using the computer program, namely 
FORTRAN IV-G language. Finally, the analysis results in highway location selection 
were satisfactory and very useful for this by-pass project. 
 
Hassounah and Miller (1994) cited that approximately 14 percents of global CO2 man-
made emissions in the 1980s had been produced from the road transport. They reviewed 
the existing road assignment, emission models, and atmospheric dispersion models, and 
assessed them based on theoretical soundness, data requirements, computational 
feasibility, policy sensitivity, and relation to each other, and to calculating emission rates 
and concentrations. It was found that for emission models, there are three factor 
categories including vehicle characteristics, driving conditions, and weather and 
meteorological conditions. Although, the models of fuel consumption and quantities of 
pollutant emission have the similar factors, but their relationships between fuel 
consumption and emission are complex, except for CO2. The emission models can be 
classified into three groups as macro-scale (or average speed model), micro-scale, and 
macro-/micro-scale models. For macro-scale model, the concerned factors are the number, 
length, and average speed of vehicle trips in the study area. In the case of stream traffic, 
the total pollutant emission is usually determined as weighted averages over the types, 
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ages, and model years of vehicles in the studied urban area. This model is suitable for 
macro analysis where total emission estimates per vehicle trip are sufficient, but it is 
generally insensitive to small changes in traffic conditions and to traffic control, and 
management policies. The micro-scale model concerns on driving modes and queuing 
processes by relating the vehicle’s instantaneous emission rates to instantaneous speed 
and acceleration. In addition, this model also requires continuous space-time trajectories 
of individual vehicles as input data, therefore it is appropriate for small changes in traffic 
conditions. However, this micro-scale model is limited to use in practice, as it needs a lot 
of input data or parameters. The final type, macro-/micro-scale model, can capture the 
spatial details of pollutant emissions without simulation of space-time trajectories of 
individual vehicles, it concerns on queuing and emission components. 
 
The influence of motor vehicle emissions over urban area was mentioned again by Bull 
and Zimmann (1997). They explained that up over 70 percent of total air pollutant 
emissions was produced from motorization, and to precisely estimate the air pollutant 
emission, it is extremely depended on the quality of vehicle emission data. Three data 
sources had been discussed into the method of estimation, including Design Manual for 
Roads and Bridges (DMRB), German Workbook on Emission Factors for Road Traffic 
(HB-EFA), and Modelling of Emissions and Consumption in Urban Areas (MODEM). 
DMRB concerns on average emission rates of Carbon Monoxide (CO), Nitrogen Oxides 
(NOx), Hydrocarbon (HC), Particulate Matter (PM), and Carbon Dioxide (CO2) for light 
and heavy-duty vehicles as a function of vehicle speed, while HB-EFA will be able to 
cover more pollutants, including Methane, Non-methane, Hydrocarbons, Benzene, 
Sulphur Dioxide, and Lead. In MODEM, the pollutant emission factors are a function of 
vehicle speed and acceleration or deceleration, and it is suitable for estimating CO, HC, 
NOx, CO2 and fuel consumption. 
 
The Strategic Environmental Assessment (SEA) 
 
SEA is considered as a new form of environmental assessment (EA). The term SEA 
represents a conventioned way of identifying the formalized process of assessing, at the 
earliest possible stage, the environmental impacts of decisions made at policy, planning, 
and program levels [Partidario, 1996]. SEA focuses on the range of possible alternatives 
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in a way that is systematic and ensures full integration of relevant issues in the total 
environment including biophysical, economic, social, and political considerations. Its 
practices were started since the mid-1980s. At the present, SEA is utilized as a 
fundamental approach in the process of improving EA performance and as an invaluable 
tool in the integration of environmental concerns in the decision-making process and in 
the moving trend toward sustainability goals. It is perceived that SEA has to emphasize 
on the strategic components in any of the decision instruments incorporated in its scope. 
These components include the set of policies, objectives, and principles that give shape to 
the vision and development intentions incorporated in a policy, plan, or program. 
Strategic EA deals with concepts and not with particular activities in terms of its 
geographic or technical design.  
 
Another important issue to be raised in this context is the potential role of SEA toward the 
achievement of environmental integrated decision-making in policy-making, planning, 
and program development as shown in Figure 2.4. Some authors argue that SEA is about 
integration of EA principles into the decision-making process. Others distinguish clearly 
EA from integration. Definitely, it is acknowledged that full environmental integration is 
the ultimate means by which sustainable development can be achieved but that SEA has a 
significant and distinctive, though temporary, role to play in this process. SEA can help in 
increasing integration of environmental issues in the development of policies, planning, 
and program decisions. It forces the introduction of systematic practices in the 
identification of relevant environmental issues and assessment of environmental impacts 
in pre-, as in post-, policy and planning implementation stages. Once sound 
environmental integrated approaches have been achieved, then SEA has played its role 
and may no longer be necessary [Partidario, 1996]. 
 
The Integrated Impact Assessment (IA) 
 
Sustainable development is increasingly accepted as a fundamental objective for public 
policy and decision-making in different types of economy (developed, developing and 
transitional) and at different levels of intervention (aggregate, sectoral and project). While 
there is no consensus on a single, precise definition of sustainable development, there is 
general agreement, nevertheless, that it encompasses the economic, environmental and 
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social dimensions of the development process as shown in Figure. 2.5. This make the 
integrated impact assessment becomes popular in the planning field. 
 
 
Figure 2.4 The decision making levels in Strategic Environmental Assessment 
Source: Partidario, 2000 
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Figure 2.5 The integrated development impact assessments 
Source: Ravetz, 2000. 
 
Bond et al. (2001) explained that the development for conducting integrated impact 
assessment and incorporating stakeholder participation into the process is in the initial 
stage, there are no any exact approaches and practical issues. The different experts may 
describe the definition of integration in the different ways, for example: 
 
• Procedural and organizational arrangements to enable environmental, 
economic and social appraisal methods to be applied at similar points in time 
[Scholten and Post, 1999] 
• Methodological guidelines that encourage different types of appraisal 
(environmental, social, and economic) to use consistent assumptions, methods 
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and data and, when combined in an overall appraisal, to avoid gaps and 
overlaps in their coverage [Lee and Kirkpatrick. 1997 (a) and (b)] 
• Development of cross disciplinary insights which may not be fully 
acknowledged in single disciplinary appraisals [Tol and Vellinga, 1998 and 
Toth and Hizsnyik 1998] 
 
For the impact assessment of developments, it is conducted separately in economic, social, 
and environmental issues, at the project level. The economical assessment has more 
apparent appraisal process than environmental aspect, while the social appraisal is the 
least developed form of strategic assessment. It is quite difficult to site about a good 
practice for illustrating the integrated impact assessment. Nevertheless, it is possible to 
identify the integrated impact assessment into two polar positions as weak and strong 
degrees of impact integrations. Firstly, the weak case will separate undertaken appraisal 
forms, and the time of each stage may be coordinated, but the priority for selecting any 
integration procedure belongs to the decision maker. For the strong case, all aspects must 
be integrated with each other during the process, and the decision maker will use all 
aspects into their decision. In the present, most practices are much closer to the weak pole 
than strong pole. 
 
Mouette and Fernandes (1996) explained that in the analysis of different impacts of 
transportation systems and decision making process is very difficult to be conducted in 
the way of quantitative research. They proposed the Analytical Hierarchy Process (AHP) 
as a useful tool for such kind of evaluation. The case studies concerned on the long and 
medium term impacts through alternatives of transportation system improvement in Sao 
Paulo, Brazil. They classified the impacts as the impacts of social-spatial, including the 
urban configuration, the environment and social-economical relations, and the impacts of 
operational aspects, including efficiency, performance, technological variations, and the 
operational conditions. In addition, these impacts were separately analyzed as positive 
and negative impacts. Both impacts were also divided into 4 levels consisting of category, 
type, primary impacts, and secondary impacts as shown in Table 2.2. They also pointed 
out that in the integrated impact evaluation AHP can help to order and restrain the 
impacts and its consequences, to analyze several criteria simultaneously, and to provide a 
large quantity of information in a comprehensive and clear way for the multidisciplinary 
team that must act at the planning and decision making process. 
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Table 2. 2 The concerned impacts in transportation system improvement in Brazil 
Level Negative Impacts Positive Impacts 
Impact Category • Social-spatial impact • Social-spatial impact 
• Operational impact 
Impact Type • Ambient impact 
• Social impact 
• Economical impact 
• Urban configuration 
impact 
• Social impact 
• Economical impact 
• Urban configuration impact 
• Operational condition impact 
• Efficient impact 
Primary Impact • Sound pollution 
• Vibration 
• Visual intrusion 
• Urban severance 
• Expropriation 
• Land use variation 
• Land use variation 
• Accessibility increase 
• Modal integration 
• Spatial configuration 
Secondary Impact • Health damage 
• Productivity 
• Insecurity 
• Identity loss 
• Patrimony damage 
• Commerce rupture 
• Land value variation 
• Mobility loss 
• Employment generation 
• Mobility increase 
• Urban densification 
• Journey time decrease 
• Journey cost decrease 
Source: Mouette and Fernandes (1996) 
 
George et al. (1987) applied two Neural Network Models (I and II model) to investigate 
the consequence analysis of development proposals based on the concept of sustainable 
development. It was pointed out that the modeling techniques with interactive features, 
fault tolerance, capability of generalization, and the ability to model soft systems should 
be employed for the macro-level strategic decision in order to meet the operational target 
in sustainable development. In addition, it was concluded that an advantage of Neural 
Network model is its lower data requirement than other approaches for consequence 
analysis. To improve the proposed models, the researchers suggested developing the 
system for transparently connecting models, conducting the detailed analysis for 
generalizing the method of convergence and sensitivity analysis, applying the fuzzy rule 
for linguistic terms to construct an input vector, and include the dynamic nature of 
interaction. 
 
Pope et al. (2004) has argued that the term ‘integration’ in this sense implies that 
integrated assessment should be more than the sum of separate environmental, social and 
economic assessments. Eggenberger and Partidario (2000) remind us that ‘‘the principle 
that the sum of the parts does not equal the whole is widely acknowledged’’ and suggest 
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that ‘‘integrating in fact means that a new entity is created where new relationships are 
established, bearing on individual entities that have specific characteristics and specific 
dynamics but in combination act in a different way’’. 
 
The aim of integrated assessment is articulated by Post et al. (1997): 
 
“It aspires to describe—from the perspective of an identified problem or proposed 
project—the relations between the human communities concerned, their economic 
organization and their actual resource base. It qualifies, quantifies, and, as far as 
possible, values the effects of proposed and alternative interventions on the three 
(economic, social and natural) subsystems and their intersystem relations. It 
attempts to identify beneficial interventions and to fully expose unavoidable trade-
offs.” 
 
Concurrent with this recent interest in the integration of different disciplinary 
perspectives into impact assessment methodology and practice has been the increasing 
recognition of the role of stakeholder involvement in assessment [World Bank, 1997, and 
Webler et al., 1995]. The involvement of both the various parties that will be directly and 
indirectly affected by a particular intervention, and representatives of the business 
community and civil society, can be seen as an extension of public accountability to 
stakeholders, and as such has a political and social value itself. The process of 
consultation with affected parties and other stakeholders can also have instrumental 
advantages, for example, by drawing on local or specialist knowledge to improve design, 
or by reducing uncertainty by building political consensus and ownership [Bond, 1998 
and Hulme and Taylor, 2000]. 
 
It can be noticed that the previously mentioned impact assessment frameworks 
concentrate on the macro planning level focusing the whole city areas. Certainly, there 
are also the other impact assessment frameworks that employed by planners in assessing 
the consequences of land development project, for example development impact 
assessment (DIA), community impact assessment (CIA). Because these frameworks of 
impact assessments consider the impacts at the project level, thus their evaluating tools 
focus on the specific site area as an isolated project. This is obvious in determining the 
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effects of trip generations as the land use impacts on the transportation networks through 
traffic impact assessment (TIA) [ITE, 1991, Burchell et al., 1994, FDOT, 1997, 
CALTRANS, 1997]. 
 
As emphasized in the IA framework, the public participation should be included into the 
IA process as a key component. Therefore, it is useful to discuss on public participation 
on the impact assessments in the next section. 
 
2.3 THE PUBLIC PARTICIPATION IN IMPACT ASSESSMENT 
 
The development impact assessment is one of well-known approaches for urban 
development control and management. In addition, as the citizen powers are increasingly 
concerned by the planners and any stakeholder groups for urban and infrastructure 
developments, it is necessary to include public participation into the planning process. 
This is not only for local practices, but it becomes a momentous trend throughout the 
world during the past decade. This issue is a requirement in virtually every country or 
political jurisdiction that has established laws or administrative requirements for 
environmental impact assessment [ICSC, 2001]. Under these phenomenons, the 
developing cities in South East Asia are very obvious examples, especially for Bangkok, 
Thailand. To more effectively manage urban developments, the planners in Bangkok have 
recently tried to utilize the Environmental Impact Assessment (EIA) to control land 
developments and mitigate their negative impacts through the Enhancement and 
Conservation of National Environmental Quality Act since 1992. The public participation 
was firstly included into the Eight National Economic and Social Development Plans 
(1997-2001). 
 
The simple definition of public participation is explained as any process that involves the 
public in solving a problem or that uses public input to make decisions [Unsworth, 1994]. 
In the present, public participation is integral to the impact assessment process. The 
public provide important information for the project goals and objectives, and possible 
alternatives. Moreover, it also assists to show possible conflicts and controversies 
associated with a particular development project. These can help shed light on community 
values, resolve social, economic, and environmental problems and may be a reflection of 
 29
a community with a high degree of cohesion [CALTRANS, 1997]. There is no single 
complete public group should be included into the process, but all groups of people 
affected by the development impacts-negative or positive- or who can affect the outcomes 
of a proposed project must be included as the focused stakeholders. The key issues of 
contemporary public participations were materialized since 1970s, they were recognized 
as the offspring of the 1970s environmental movement in the United States and Canada. 
Until 1990s, it had become an established part of public policy development in the United 
States, Canada, and most Western European nations. In Japan, the public involvement 
was firstly considered in 1992. Similar to the trends of developed countries, the 
participation of community was incorporated into the planning process in Thailand, 
because of the influences of EIA. The Thai communities could significantly show their 
powers on decision making in the EIA process of many projects. However, their public 
participations in transportation and urban planning filed are still far from the satisfied 
level [Limapornwanitch et al., 2003].  
 
Generally, the public play the roles to explain their preferences or decisions on project 
characteristics and impact mitigation measures that strongly related with the proposed 
development project. It is not often to include their preferences from the beginning stage 
of planning process. Most planners design the development plan alternatives based on 
their technical viewpoints firstly, afterwards they will ask the opinions of people towards 
proposed plans in order to make the final decision. This is called as Top-Down Approach. 
Under this approach, although the public can participate into the planning process, but 
they still do not fully influence the decision making of development project. Therefore, in 
order to encourage the society to powerfully cooperate with the planners, the concept of 
including the public power from the beginning step is proposed as Bottom-Up Approach. 
The bottom-up approach tries to develop the alternative plans based on the preferences of 
community. This is more suitable to support the communities to effectively involve in the 
transportation and urban planning process. 
 
To reach socially desirable solutions in view of the many trade-off and impacts of each 
alternative urban and transportation plan, consultation with affected citizen groups in a 
community must be undertaken. In the past, these planning processes have been often 
criticized as being a political process characterized by little interaction between the 
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governmental agency and public. Communication with the various interest groups from 
the beginning will help to ensure that the selected course of action meets with public 
approval. It is inevitable that the selected plans will raise controversy and that some 
interest groups will be upset. However, the long-run plan must serve the overall interests 
of the community and the nation. Before discussing the extent of public participation, it is 
necessary to be clear on its purposes. 
 
Rahman (1993) illustrated the public involvement at the planning level through a case 
study of the University of Maryland Eastern Shore Access Road. The planners in this 
project try to collect the recommendation of effected people through the alternative public 
meeting in the development of alternatives and the public hearing in the evaluation of 
alternatives. After that, the community makes a recommendation to the state highway 
administrator to select an alternative design, circulating the final environmental document 
containing the selected alternative. This project ends with the distribution of the public 
notice indicating receipt of location approval. From this article, it can help the 
transportation planners to clearly understand that the public involvement is very 
important for the success of project. 
 
2.4 THE LIMITATIONS OF EXISTING KNOWLEDGE 
 
Based on the above review of our current understanding of the efforts of land use and 
transportation planning integration, it was understood that in poorly planned cities the 
development of analysis tools are difficult to be implemented, because of complicated 
land use and transportation interactions, unreliable travel behaviors, lacks of data 
availability, budget, human resources. As the results, the planners have tried to employ 
the impact assessment approaches to create the balance between land developments and 
network capabilities in the cities. Many impact assessment frameworks have been 
reviewed, including the critical issues of integrated appraisals and public participation. It 
was found that there are some limitations of existing knowledge for utilizing the 
traditional impact assessment framework in managing the present urban growths. These 
limitations are clarified in this study and they are also improved via the research 
outcomes. The details of limited knowledge can be described in the following paragraphs. 
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2.4.1 THE ANALYSIS LEVEL OF THE EXISTING IMPACT ASSESSMENT FRAMEWORKS 
 
From the literatures, the relationships between transportation and land development can 
be viewed in three different contexts, consisting of the process relationships, macro-scale, 
and micro-scale physical relationships [Khisty and Lall, 1998]. The process relationships 
deal with the legal, administrative, financial, and institutional aspects, which are beyond 
the scope of this dissertation. In Figure 2.6, the first column is the urban planning issues 
that planners always discuss on them in managing urban developments. The second 
column focuses on the applicable impact assessment frameworks that utilized as the tools 
for evaluating and controlling the changes of city structures. The third column discusses 
about the problems or obstacles for planners in dealing with the planning issues by using 
the traditional impact assessment approaches. It can separate all of the planning issues, 
application of impact assessments, and obstacles, into the macro and micro scales. The 
macro-scale analysis is long term matter and generally considered in the planning process 
to develop the master transportation and land use plans. In this context, the plans consider 
the land use and transportation issues for the whole city area. The impact assessment 
frameworks that are suitable for this level include EIA, SEA, and IA, and the 
development impacts are appraised in the policy/plan/program-base. The micro-scale 
analysis usually focuses on the scale of particular sites or facilities as shown through the 
applications of TIA. The EIA, DIA, and CIA frameworks utilize TIA to assess the 
impacts at the project-base. 
 
The macro impact analysis is applicable for the impact assessments of total urban growths 
as the strategic plans, but it is not suitable for considering at the specific part of city. At 
the same time, the micro analysis can consider an isolated land development project, but 
it is inappropriate with the actual urbanization process that resulted by simultaneous 
developments. While transportation planning considers at the macro and micro levels, 
land use planning analyzes the macro and mezzo levels. Particularly for the mezzo-scale 
analysis of land use planning, it employs the zoning system to control land usages. This 
study realizes that the gap between land use and transportation planning at the mezzo 
scale results to the ineffectiveness of land use and transportation coordination in practice. 
However, to deal with the impact analysis at the mezzo-scale, the obstacle is lack of 
applicable impact assessment framework. Therefore, to apply the impact assessment at 
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the mezzo-scale and to conquer the problem of framework availability, this dissertation is 
conducted to propose an alternative of impact assessment, namely Integrated Zonal 
Impact Assessment (IZIA). 
 
 
Figure 2.6 The land use and transportation planning issues and the applicable impact 
assessment frameworks. 
Source: Author 
 
2.4.2 THE WAY OF IMPACT INTEGRATION 
 
At the present, the public concern of development impacts is not limited in any single 
aspect to promote the sustainable developments. The integrated appraisals become the 
necessary tools for planners to evaluate and control various consequences caused by land 
developments. The development of a methodology for conducting integrated impact 
assessment, and for incorporating stakeholder participation into the assessment process is 
still at an early stage, and major methodological and practical issues remain to be 
resolved. Based on the literatures, the general framework of integrated impact assessment 
is summarized into Figure 2.7. It can be seen that the traditional framework integrates the 
economic, environmental, social impacts in the weak approach that does not consider the 
relationships among three impact aspects [Lee and Francis, 2001]. The impact integration 
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in this approach is just the summation of each development impact, thus it cannot reflect 
the real effects of various impacts generated by project [Pope et al., 2004]. To improve 
this mentioned weakness of impact integration, this study aims to propose a way of 
impact integration based on the public judgments. This presents the real effects of 
development projects in the viewpoints of communities. 
 
 
Figure 2.7 The traditional integrated impact assessment 
Source: Author 
 
2.4.3 THE ROLE OF PUBLIC PARTICIPATION IN IMPACT ASSESSMENT 
 
In the past, the groups that mainly influence on land use and transportation planning are 
planners and developers (see Figure 2.8a) as the representatives of government and 
private sectors, respectively. This condition is being changed to the increase of the third 
party’s roles that is the public participation. Due to sprawl and rapid urban developments, 
various adverse effects have been imposed the city through the living environmental 
degradations. Most people, therefore have increased their awareness to participate in 
managing land developments and transportation improvements (see Figure 2.8b) 
However, the role of stakeholder powers is still included into the planning process at the 
step of decision making only as shown in Figure 2.7. The people do not significantly 
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participate as the active catalysts to represent what they really need for their living 
environments. Most development alternatives are prepared by planner, and people just 
give their comments on a proposed alternative at the final step. It can be seen that the 
matter of public participation should be encouraged more significantly. To do so, the 
study tries to integrate the impacts based on the public preferences. Moreover, the 
willingness of community is determined to identify the sensitive area towards land 
development impacts for effectively mitigating the impacts. The details of these issues are 
discussed in the later parts of this dissertation. 
 
 
(a)       (b) 
Figure 2.8 The main groups influencing on land use and transportation planning (a) two 
parties, (b) three parties.  
 
2.5 SUMMARY 
 
The above literature review demonstrates that integration of land development planning 
and transportation improvement planning is an important topic that under the exploration 
of urban planning field, particularly in weakly planned cities. The efforts in integrating 
both planning fields can be classified into the developments of analysis tools and the 
development of impact frameworks for each planning concept. The former aims to 
develop more advanced interaction models to improve the predictability of planners. It 
works to shape the suitable urban developments and effective infrastructure 
improvements. However, this approach seems to be unproductive in poorly planned cities, 
due to their complicated interactions, unreliable travel behaviors, and limitations of 
resources. The latter is the way that many planners, especially for developing cities, are 
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applying to their cities. It concentrates on developing the impact assessment frameworks 
to manage the urban growths by minimizing the adverse development impacts. Because 
of limitations of existing impact assessment approaches, the further study is still 
necessary to be conducted in this research. 
 
This study tries to explore three points of limited knowledge in the following paragraphs; 
1. Lack of impact assessment framework in the mezzo planning level 
While various impact assessment frameworks have been well established in the 
macro and micro scales, or PPPs and project bases, there is no any framework can 
be utilized to compromise urban developments and network improvements in the 
mezzo level. Normally, in the mezzo level the zoning system has been employed 
to manage the activity areas of city. The dissertation realizes to fulfill this gap so 
that the capabilities of impact assessment approach can be enhanced for efficiently 
integrating land use and transportation planning. 
2. Weakness of impact integration 
As the results of rapid and dramatic growths, various adverse development 
impacts have been created and imposed into any city areas. The issues of 
integrated appraisals become important when talking about a livable city. 
However, the way of impact integration is still under the discovery, because the 
traditional approaches disregard the interrelationship between the impacts, thus 
the integrated impacts cannot reflect the actual needs of society. This point is also 
very important to be considered a present planning matter. 
3. Ineffective roles of stakeholders in urban planning process 
In the past, the groups significantly playing the roles in urban developments were 
planners and developers from the government and private sectors, respectively. At 
the present, the community has increased their awareness to participate in any 
urban planning issues in order to improve preserve their living environments. 
Based on the traditional impact assessment approaches, most stakeholder powers 
are considered at the end of decision making process as an inactive component, so 
they cannot really participate in the planning process of their cities. This is also 
another important point that should be improved in the planning field. 
These points are going to be discussed and improved evidently through this dissertation.  
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CHAPTER 3 
THE FRAMEWORK OF INTEGRATED ZONAL IMPACT 
ANALYSIS 
 
This chapter aims to explain the study process of research. First, the traditional approach 
of land use and transportation planning is explained in order to clarify its existing 
problems and limitations. Afterwards, the steps of study are described into two parts, 
including experimental and practical studies. The Integrated Zonal Impact Analysis (IZIA) 
framework is introduced for the next. In this section, some basic definitions must be 
explained to provide the background of study. For the practical study, the existing 
conditions of study area should be introduced so that the background of study areas can 
be understood. To obviously explain the proposed IZIA framework, the IZIA process is 
discussed together with the application into the practical case study. The last part of this 
chapter is devoted for the results of experimental study. Some findings are useful to be 
discussed before going into the details of practical study. The details of these sections are 
presented in the following paragraphs. 
 
3.1 THE TRADITIONAL LAND USE AND TRANSPORTATION 
PLANNING 
 
As explained before that many researches have been conducted and many approaches 
have been proposed to integrate land use and transportation planning, but due to their 
complicated relationships, the integrated planning is still ambiguous and the effective 
tools are still essential. According to the difficulties, the significance of land use and 
transportation interaction planning is often overlooked to be taken into account for land 
use developments and accessibility provisions in urban planning of poorly planned cities. 
Before discuss in the details of proposing Integrated Zonal Impact Analysis (IZIA) 
framework to improve such dilemmas, it is beneficial to discuss some basics of land use 
and transportation planning.    
 
A general definition of land use planning is defined by City of Austin (2004) as "A 
systematic attempt to minimize the adverse effects land changes have on society and 
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environments and to maximize human benefits." In compromising a land use plan with 
real urbanizations in any city, land use planning tries to include a wide-range of policy 
options used to better manage public and private spaces. To do so, Zoning is one of policy 
options that local officials might choose when they act to effectively control the natural 
and built environments. It includes provisions for the use of property and limitations on 
the shape and bilk of buildings that occupy the land [Eisner et al., 1993]. Basically, a zone 
is identified by assuring that land uses in that geographic unit are compatible in relation to 
one another. For transportation planning, it is defined as the process that leads to 
decisions on transportation policies and programs. It aims to provide the information 
necessary for making decisions on when and where improvements should be made in the 
transportation system. This can help to promote travel and land development patterns 
based on community goals and objectives [Khisty and Lall, 1998].   
 
The definition of zone in transportation planning can be different from the land use 
planning. Transportation planning has defined “zone” as subdivided study area. It is an 
analysis unit to enable the planner to link information about activities, travel, and 
transportation to physical locations in the study area. The zone can be varied in size 
depending on the density or nature of urban development. In practice, transportation 
planners attempt to define their zoning systems by bounding the homogeneous urban 
activities. However, in fact it is necessary to consider natural boundaries and census 
designations. In transportation planning, the information of networks database is also very 
important to perform a plan or evaluate alternatives. It plays as the role of transportation 
system of urban areas with simulated geometry or system including nodes standing for 
zone centroids or intersections and links for routes. Usually, the network databases are 
developed relied on the overall level of urban areas or called macroscopic.  
 
Based on mentioned characteristics of both planning sides, some conflicts have been 
encountered in many efforts of coordinating land use and transportation plans as shown in 
Table 3.1. Particularly in the scale of concern, it is found that while transportation 
planning consider on larger scale network functionality, land use side focuses on the scale 
of microscopic compatibility among land usages. Due to accumulation of experiences 
dealing with land use and transportation issues, transportation planners have tried to 
improve transportation planning capabilities by scaling down to sub-area problems. It is 
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conducted through traffic impact assessment (TIA), traffic management and negotiation 
with local interests [Gakenheimer, 1993].  
 
Table 3.1 Conflicting Orientations of Land use and Transportation Planning 
Conflict Points Land use Planning Transportation System Planning 
Scales of Concern Small Network 
Objectives of Planning Complex Simple (Straightforward) 
Horizons of Confident Projection Short Longer 
Techniques of Analysis Ad hoc Standardized 
Levels of Government Involved Local Regional and National 
Prospects for Implementation Low High 
Units of Implementation Small Large 
Level of Budget Small Large 
Source: Gakenheimer (1993) 
 
The first major establishment of TIA was established in the Highway Capacity Manual by 
Highway Research Board, USA since 1965. After that many improvements had been 
come out, especially during 1970s and 1980s [Burchell et al., 1994]. The basic TIA 
components can be illustrated into Figure 3.1. In developed cities, the TIA is now 
performed routinely, but it is just begun to utilize TIA in many weakly planed cities, 
especially for developing cities like Bangkok and Philippines [Hokao and Mohamed, 
1999 and Regidor and Teodoro, 2003]. However, owning to lack of complete 
comprehensive land use plans, only traditional TIA is insufficient to achieve an effective 
land use and transportation control measures in such cities. Planners have to faces with 
the obstacles, because of the results of TIA limitations as listed below (See Figure 3.2). 
 
Site Development Data 
Roadway Networks in Study Area 
Site Trip Generation 
Site Traffic Distribution and Assignment
Traffic Analysis 
 Traffic of city growth Traffic of Development
Find the suitable impact mitigation ways 
Estimate the generated impact levels in the network
Site Level  
 
Figure 3.1 The components of TIA 
Source: Wattenberg (1992) 
 
Figure 3.2 Traffic impact study example 
Source: ITE (1991)
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• As the existing TIA approach aims to control land usages at the site level mainly, 
but in fact transportation projects mainly focus on the macro level of urban 
planning. Therefore, it is difficult to form the overall land use plans that congruent 
with the transportation plans by using the tools of TIA only. 
• Actually, in the cities various development projects have been implemented over 
whole urban areas at the same time or in a certain period. The city growths are 
resulted from the simultaneous developments, but the TIA usually concerns the 
influenced networks of an isolated project. This does not represent the real 
urbanizations, thus it cannot fully evaluate and control the total impacts generated 
in the city areas. 
• The TIA regularly is based on the network-base analysis and its impacts are 
measured in term of level of service (LOS). This is the traffic engineering 
perspective only, but nowadays people in urban area have realized and increased 
their awareness of quality of life, so it is no longer sufficient to consider only 
traffic or congestion impacts, but other issues, especially environmental problems, 
must be considered in the city planning. 
 
According to these obstacles, the traditional TIA cannot fully function in effectively 
controlling the sprawl developments with traffic congestion problems. To improve the 
mentioned limitations of impact assessment approach, the research has been conducted. 
In the next, the steps of study are discussed to present the outlines of study.  
 
3.2 STEPS OF STUDY 
 
As described in the previous section, the natures of land use and transportation planning 
are the conflicts of cooperation among themselves. Although, traffic impact assessment 
has been utilized to coordinate land use controls and traffic service qualities in any 
developed site for years, but it can be well functioned in the city that its complete land use 
master plan is established. TIA can play as the control tool for a piece of urban areas only, 
not for the whole city. In addition, at the present the impacts of land developments are 
spread into various fields, thus only concerns of traffic conditions are unacceptable for 
communities. 
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This study intends to propose an alternative of impact analysis, called Zonal Impact 
Analysis (ZIA) Framework, in order to improve the capability of impact assessment 
approach in managing actual urbanizations of any city areas. This approach is expected to 
be a solution to enhance the cooperation of land development plans and transportation 
improvement projects, particularly for poorly planned cities, such as in developing ones. 
At the beginning, it should be discussed about the process of study in this research, so that 
it can be understandable about how the research can be conducted, where we are, and 
what should be performed for the further study. 
 
 
Figure 3.3 The experimental and practical studies in this research. 
 
The study process and its objectives can be demonstrated into Figure 3.2. It separated the 
processes into two parts, consisting of experimental and practical studies. The former 
focuses on four objectives of study. First, it aims to identify the factors influencing 
impacts generated into the transportation networks as the consequences of new trips of 
development project. Second, as normally the impacts of new traffics are always 
considered based on network-base of traffic impact study, so the characteristics of impact 
distributions are still ambiguous. It should be conducted the experiments as the 
preliminary study in order to provide some basics. Moreover, this is also useful for 
interpreting the results of framework applications in the real situations. Third, because the 
study emphasizes on the impact analysis at the zone-base or zonal level that common 
transportation planning databases or programs do not consider, therefore to develop the 
suitable tools, including traffic simulation program and impact assessment modules, 
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performing experimental studies are very useful. Fourth, not only the identified factors in 
this research should be considered in the improvements of proposed impact analysis 
frameworks, but the others that beyond the scope of the study can be realized through the 
experiments, and utilized into the next steps of research. 
 
The latter part, the practical study, aims to apply the created framework of zonal impact 
analysis into the real situations of weakly planned cities. Under this part, a study area is 
selected as a case study, and the research is performed to accomplish three objectives. 
The first purpose is to demonstrate the application of proposed ZIA framework in the real 
world’s conditions. It tries to show the advantages of applying ZIA to evaluate 
development impacts of land use projects, and also some difficulties can be defined in 
order to be improved for next stages. Second, according to many problems of land use 
and transportation planning in developing cities mentioned, the study realizes on the 
necessity to mitigate the problems, therefore ZIA framework is applied into such cities 
with some expectations of alternative solutions or useful information for their urban 
planning contexts. The last one is as same as in the experimental study, some interesting 
points can be initiated for further researches to improve the performance of ZIA 
framework in managing urban land developments of any cities. 
 
Although, the study are separated into two parts, but in fact they are the parallel processes. 
Next, the ZIA framework is proposed, and some basic definitions should be identified. 
The information of study area for the practical study is also described to provide some 
background before the discussion of analysis in the next chapter. In addition, the last 
section is devoted for the experimental study. It will be explained with some useful 
results, especially for understanding and interpreting the impact distributions of land 
development projects in the real case study. 
 
3.3 THE INTEGRATED ZONAL IMPACT ANALYSIS FRAMEWORK 
 
It can be seen that while land use planning always consider the development project in the 
micro-scale, transportation planning mainly focuses on the macro. Even though traffic 
impact study has been established to concern in the specific area, but it seems to be that 
the cooperation of land use and transportation planning are not accomplished yet. This is 
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very obvious for weakly planned cities like in developing countries. Moreover, as have 
been discussed in the literatures for years, the development impacts of land use projects 
should not rely on any specific impact, because people’s interests have been motivated by 
their degraded living environments, including economic, environmental and social issues. 
This trend should be concerned into the secondary impacts of traffics induced by land 
development projects as well. As shown the study done by Limapornwanitch et al. (2004), 
although the pollution impacts in monetary term of environmental destroys in a shopping 
center project were much lower than the increases of people’s travel costs, but the 
community made more concerns on their environments. This represents that in dealing 
with urban and community planning it is no longer be valid to concern only some specific 
issues, but multi-aspects are necessary. 
 
In addition, the public participation also becomes a critical topic in the urban planning 
field. This is not only for land use planning viewpoints, but also in transportation and 
traffic planning [Limpaornwanitch et al, 2003]. Therefore, it is very rational to include the 
public participation as one of major components in the impact assessment approach. 
According to the mentioned importance of various matters, the idea to create an impact 
assessment alternative has been appeared. Eventually, Integrated Zonal Impact 
Analysis (IZIA) framework is initiated under the expectations to fulfill the gap of 
between the analysis levels of land use and transportation planning in any city areas, and 
to extend the impacts of new traffics of proposed land developments into various kinds of 
secondary impacts, including economic, environmental, and social impacts, as an 
integrated impact assessment alternative. The public judgments are also expected to be 
encompassed into the proposed framework. 
 
Though, some efforts connecting the integrated impact assessment and the incorporation 
with stakeholder participation have been initiated since a past decade, but the results are 
unsatisfied, and the development of a methodology is still at an early stage [Bond et al., 
2001]. Particularly for land development impacts in term of impacts of induced traffics, 
there is no consideration about its environmental and economic consequences imposed in 
the city areas. In despite, many impact assessment approaches have been established, 
such as development impact assessment, community impact assessment, site impact 
assessment, but most of them separately take into account each kind of impacts. For 
traffic impacts generated land use changes in such existing approaches are concerned only 
 43
for traffic service qualities, and it is neglected to consider the secondary impacts 
[Burchell et al., 1994, FDOT, 1997, Edwards and Hall, 2000]. The integration of impacts 
and stakeholder powers are introduced into the process in the last stage or step of decision 
making in order to evaluate the impacts of plan alternatives by individually considering of 
each kind of impacts [Bond et al., 2001, Lee and Kirkpatrick, 1997, Toth and Hizsnyik, 
1998, and Scholten and Post, 1999]. Moreover, the interrelationships between impacts 
and the public judgments are not included into impact assessment process [Pope et al., 
2004]. Under these existing impact assessment approaches, the IZIA framework is 
developed to improve the limitations and problems. It is also considered the possible 
implementation of framework in poorly planned urban areas. 
 
3.3.1 BASIC DEFINITIONS 
 
Integrated Zonal Impact Analysis 
 
Integrated Zonal Impact Analysis (IZIA) framework is defined as a strategic planning 
process for evaluating the integrated impacts of traffics induced by land development 
projects at the zone-base. It aims to minimize undesired impacts or consequences of 
proposed development projects in order to find an optimum development alternative for 
city areas. The traffic impacts of project are expanded to appraise other secondary 
impacts, including economic, environmental, and social impacts, of such new trips. 
Moreover, they should be integrated based on the interrelation of various impacts. The 
interrelation concerned in the study is from the social or community’s viewpoints as 
reflected by value senses of community. All impacts are assessed and analyzed in the 
zone-base or zonal level. How the development impacts of a land use project 
implemented in a zone of study area will effect to the other zones. Based on the 
assessment of traffic impacts and other secondary impacts in zone-base analysis, it can 
reduce the gap between land use and transportation planning, and also help to more 
effectively integrate both planning fields. The public opinions or judgments are also 
included in the zonal level, so that communities can really concern the development 
impacts of forthcoming projects towards their living conditions or life’s styles. The public 
preferences of communities in each zone have to be considered in impact assessment 
process in order to determine the public willingness to accept the undesired impacts for 
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each area. This is a way to encourage the public participation into the preliminary stage of 
urban planning process, as “Bottom-up Approach”. 
 
Prior to explain about the details of IZIA process, some basic terms should be identified. 
They consist of “Zone”, “Public Value Sense”, and “Sensitive Area”. 
 
Zone 
 
In term of land use planning, Zone is a subdivided area that its land usages are 
homogeneous as much as possible. This aims to easily manage and effectively control 
land usages for planners. However, in the cities that grown as organic patterns or weak 
controls it is very difficult to obtain such homogeneous zones, because most areas are 
devoted for mix-uses and high densities. Furthermore, zoning systems for land use 
controls in such cities are unsystematically established. In stead of using zoning systems 
of land use planning it is more practical to utilize the zonal databases well established in 
transportation projects for the IZIA framework. As the result, Traffic Analysis Zone can 
be employed as analysis unit for zonal impact analysis. Therefore in this research, Zone 
can be identified as a geographic unit used to inventory existing and future demographic, 
transportation networks, land usages, socio-economic, and travel behavior data required 
for modeling purposes. Typically, a zoning system is developed that is consistent with the 
defined roadway structure [TXDOT, 2004].  
 
Public Value Sense 
 
For the Public Value Sense, it is defined as the level of importance for each social issue 
that the public think of it. This can help to identify that what is the valuable matter in the 
present society and the planners should keep it in mind to provide the corresponding plan 
for the public needs. Nonetheless, the value sense is dynamic issue or changeable, it is 
depend on the conditions and perceptions of society at each moment in time. The levels of 
value sense of people were separated into five levels, including awareness, agreement, 
participation, action, sacrificial levels. These levels were ranked from the lowest to 
highest value sense as shown the meaning of each level in Table 3.2. The public value 
sense is employed in this study to determine that how communities think about living 
conditions in their city, specifically for environmental and transportation issues. 
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Sensitive Area 
 
The study tries to identify the sensitive area towards land development impacts. This 
Sensitive Area is defined as the area is imposed by negative impacts that larger than 
willingness of the community in that area for accepting undesired impacts of land 
development project. It can be seen that the public preferences in each area or zone is 
quantified in term of their “willingness to accept” at the early stage. This information is 
very useful for planner in providing impact mitigation measures for such sensitive areas 
and encouraging social equity. For many times, when a development project is introduced 
into an area of the city, it creates both positive and negative impacts. While the resident in 
the developed area gain the benefits from the project, people in other areas may indirectly 
suffer from its negative effects. This is unfair for the stakeholders who do not directly 
earn the advantages of project, but they are unavoidably imposed such undesired impacts. 
 
Table 3.2 The levels of value sense of people on a social problem. 
No. Level Meanings 
1 Awareness Person has some knowledge about a social problem, and he/she can feel some effects of that problem. 
2 Agreement Person can realize the importance of a problem, and agree that it should be solved or mitigate that problem. 
3 Participation Person wants to participate in solving a social problem, if there is the improvement project proposed by government. 
4 Action Person can take an action to solve a social problem without any promoting project from government.  
5 Sacrificial Person has willingness to pay some money to support the improvement project in mitigating a social problem. 
 
To provide obvious explanation and illustration of the IZIA framework, the study applies 
the proposed framework into Bangkapi District, Bangkok, as a case study. Under each 
step of process, the application of case study is discussed. Next, the background of study 
area is explained so that the land use conditions and development trends are 
understandable.  
 
3.3.2 BACKGROUND OF STUDY AREA 
 
In this research, Bangkapi District in Bangkok, Thailand is selected as a case study (See 
Figure 3.4), because of the following reasons; 
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• This area is one of city centers in Bangkok with various activities, including 
educational, business, and commercial activities. In addition as shown in Figure 
3.3, this district consists of the areas of low and medium population densities, but 
there are many activities centers, therefore it has the high potential to be 
developed and extended the boundaries of activity centers in the future [Srichuae, 
1997]. 
• As mentioned before, Bangkok has no the regulation of land use developments, so 
there are the following serious problems of uncontrolled developments occurred 
over the city area. Bangkapi is an example of this dilemma. Nowadays, there are 
many shopping centers and markets established along the road sides of main 
routes in this area. Those development projects created the traffic congestion 
problem in the district, especially during the peak hour. Therefore it is the good 
opportunity to study and suggest a solution approach proposed by this study as a 
good example. 
• According to various transportation planning studies done by OCMLT in this area, 
its transportation network database has been developed. This is useful for the 
research to utilize the existing databases or models. 
• In addition, many studies of air and noise pollution models from the mobile 
sources like traffic have been conducted in this area, therefore these models can be 
employed to assess the environmental impacts directly. 
 
 
 
Study Area
 
Figure 3.4 The study area of Bangkapi, Bangkok. 
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Bangkapi areas include Huamark, Khlongchan, and Wangthonglang sub districts with the 
areas of 16.461, 12.788, and 19.655 km2, respectively. There are many main 
transportation facilities implemented, particularly for Ramintra-Atnarong expressway, 
Ramkamhang, Nawamin, Serithai, Srinakarin, and Ladproa roads. These networks 
promote Bangkapi areas to be the business activity centers as shown in Figure 3.5. There 
is no the complete land use database of zoning system in Bangkapi, only transportation 
planning databases are established completely, particular in Urban Transportation 
Database and Model Development Project (UTDM) and Transportation Data and Model 
Center Project (TDMC) [OCMLT, 1998 and 2000]. The study has employed such 
transportation database systems for zonal impact analysis. Based on the UTDM and 
TDMC databases, this study area was separated into 14 zones as shown in Figure 3.6, 
total population is about 483,604 people with growth rate of 1.40 % annually.  
 
              Bangkapi Area 
 
Ramintra-Atnarong Expressway 
Ramkamhang Road 
Nawamin Road 
Serithai Road 
Srinakarin Road 
Ladprao Road 
 
Bangkapi Business Center 
 
Figure 3.5. The location and networks of Bangkapi. 
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Zone 175 
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Zone 179 
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Zone 176 
Zone 180 
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one 168
47268 
Zone 173
47712 
38201 
Potential Zones for the 
Development Projects 
 
Figure 3.6 Zoning System in Transportation Database and Populations in Bangkapi 
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The Land-use Conditions in Bangkapi 
 
In Bangkapi, the agricultural areas and vacant spaces are about 15.46 % of total areas. 
This represents that most Bangkapi areas are dedicated for buildings and activity areas as 
shown in Figure 3.7. The houses or villages are the highest proportion of land usages, 
about 3,734,668.05 m2 or 73.41 % of total activity areas. The second is for office 
buildings, about 1,080,560.75 m2 or 21.24 % of total activity areas. The remains include 
the commercial houses, industrial and store areas, and others. The land prices of these 
areas are gradually raised as the results of economic benefit increases. By considering the 
location of Bangkapi, and its infrastructure performances, it is believed that Bangkapi has 
fully potentials for land developments. Especially, it can play the role as the transition 
zone to connect between inner and outer Bangkok areas in the Eastbound approach [DCP, 
2002]. The planners decide to develop the Bangkapi Business Center as the main center 
and also develop the commercial areas along Ramkamhang road as illustrated in Figure 
3.8. 
 
 
Figure 3.7 The existing land-uses in Bangkapi. 
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Figure 3.8 The land-use plan and transport networks of Bangkapi areas 
Bangkapi Business 
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Figure 3.9 The framework of Integrated Zonal Impact Analysis (IZIA) for New Traffic 
Induced by Land Development Projects 
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3.3.3 THE PROCESS OF INTEGRATED ZONAL IMPACT ANALYSIS 
 
The framework of Integrated Zonal Impact Analysis is a strategic planning process. It acts 
as the procedures, and tools designed to help planners or decision makers think and 
implement any plan or project strategically. This process can be separated into four main 
parts, consisting of the land use planning data preparation, transportation planning data 
preparation, zonal development impact assessment, and the participation of community in 
integrated impact assessment, as demonstrated in Figure 3.9. Together with the 
application of IZIA process in Bangkapi area, the details of each part are described 
separately in the next paragraphs. 
 
Land Use Planning Data Preparation. 
 
This part considers about the performances of land developments in each urban zone 
based on the zonal characteristics, including available space, number of population, 
existing infrastructures etc. All zones should be included into the evaluation to investigate 
the directions of the developments. In the case of a big city like Bangkok, the whole 
urban areas can be considered based on the existing boundaries of districts, and then let 
the authorities of each district conduct the study for their own sub districts. This can be 
noticed that the necessary data is in the zonal data format, which is the existing format of 
urban planning databases for many projects in the most cities. In this case, the data 
acquisition is not costly compared to the establishment of new necessary database system. 
The national and regional plans, however, should be considered as a base direction in 
order to have the same development targets and be consistent. For example, the 
decentralization of Bangkok is the main policy in the present, thus the directions for 
developing each suburban center must be considered to know that which parts of city 
have the high development potentials in the future. After the evaluation, the high potential 
ones are selected for the next steps. The types, sizes, and other characteristics of 
development projects must be considered to be compatible with the present and future 
situations. All possible tendencies should be included in the analysis. 
 
Due to a lot of residents living in Bangkapi areas, many projects of shopping centers have 
been proposed by developers. Therefore, the research selects to consider a shopping 
center project implemented in Bangkapi District. To select the suitable areas or zones for 
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shopping center project (s), the field surveys were conducted to investigate any possible 
locations for development projects. In addition, the present characteristics of each zone, 
such as number of populations, present land-use conditions, provided infrastructures, 
available spaces etc., were also considered to evaluate those possible locations. 
Eventually, there were three potential zones, including Zone 168, 173, and 179, selected 
for demonstrating the IZIA application (See Figure 3.6). Some examples of potential 
development areas in these considered zones can be shown in Figure 3.10. In Figure 3.10 
(a), it is a forthcoming shopping area project in Zone 173, and the available spaces of 
Zone 179 in Figure 3.10 (b) are very attractive for any development projects, because it is 
located along Ramkamhang road, a main route in this study area. These potential zones 
are considered with implementing shopping center project(s) occupying Gross Floor Area 
about 200,000 m2. The effects of this kind of land developments on transportation 
networks in term of trip generations will be discussed in the next part of process. 
 
  
(a)      (b) 
Figure 3.10 Examples of potential development areas in (a) Zone 168 and (b) Zone 179 
 
According to actual urbanization processes, they are not resulted by single land 
development project, but from the simultaneous ones. This condition is very easily to 
experience in poorly planned cities. To cover such real situation of urban growths, the 
land development alternatives include both single and simultaneous developments into 
the analysis as illustrated in Table 3.3. However, each project of each zone for all 
development alternatives is still the same that is the shopping center project(s). 
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Table 3.3 The Land Development Alternatives in Bangkapi area 
Type Group Zone 168 Zone 173 Zone 179 
○   
 ○  Single Development One Project 
  ○ 
○ ○  
○  ○ Two Projects 
 ○ ○ Simultaneous Developments 
Three Projects ○ ○ ○ 
Note: ○ means that the development project implemented in the zone. 
 
Transportation Planning Data Preparation 
 
Usually, the transportation planning is the analysis of macro scale, so the transportation 
systems of city usually are prepared for whole urban areas as shown in Figure 3.11 (a), 
not the zone-bases. To appraise the impacts of zonal impact assessment, planners need to 
rearrange the existing network database into the zonal base formats. The total networks 
have to be classified and kept into the zones that they are located, see Figure 3.11 (b). 
Eventually, the new network database can show that any zone occupies which parts of 
total networks. The present conditions of urban travel characteristics in the study area, 
including Origin-Destination (O-D) distribution patterns, mode splits, etc, are utilized as 
the base case in the impact assessment process. According to the previous step, the 
development projects are evaluated for its effects on the transportation systems, such as 
trip generations and distributions. By using traffic simulation programs, the traffic 
conditions responded to the existing travel patterns of study area and new trips generated 
by land development projects are simulated. These traffics are utilized into the next step 
in order to assess their secondary impacts, including economic and environmental impacts. 
 
   
(a)      (b) 
Figure 3.11 The transportation databases of urban areas in (a) the existing system of 
macro planning level, and (b) modified into the zone-base level. 
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Zonal Development Impact Assessments  
 
Based on simulated traffic conditions, the traffic impacts, such as vehicle-delays, vehicle-
kilometers, etc, are quantified based on the zone-base analysis. In the next step, these 
traffic impacts are utilized into the processes of environmental and economic impact 
assessments. In this study, travel time and vehicle operating costs are considered as the 
economic impacts of new traffics, and the environmental ones focus on noise and air 
pollutions. Definitely, other studies may concern other types of development impacts. To 
estimate secondary impacts, the estimation models of each impact caused by traffics have 
to be utilized in the study. The information of essential impact prediction models and 
other data, such as parameters or unique values in the study area, are available from the 
previous researches related to the impact assessment in that study area. All impacts are 
estimated in the zonal level in order to demonstrate that how development impacts of a 
project will be distributed into other zones. Planner can know that which zone is critical 
or imposed by severe impacts, so it should be obtained sufficient attentions for mitigating 
the problems. After the secondary impact estimations, these impacts should be estimated 
into the monetary term in order to be combined into the step of integration. 
  
Public Participation in Integrated Zonal Impact Analysis 
 
This part intends to include the public participation into the steps of impact integration, 
identification of sensitive area towards land development impacts, and collection of 
public opinions on preparing strategic impact mitigation plan. In the first step, the public 
judgments are determined to evaluate the priorities of economic and environmental 
impacts in the viewpoint of community in each zone. Regarding to the integration of 
various impacts, the total impacts are calculated by using the impact priorities weighted 
by the communities. The total impacts of all land development alternatives are taken into 
the evaluation so that an optimum alternative can be achieved and used for developing the 
comprehensive land use plan in the study area. 
 
Although, the optimum land development plan is issued in the previous step, it is 
necessary for planner to keep their attentions in alleviating the undesired development 
impacts of that plan over city areas. As the study has explained that planner should pay 
significant efforts to relieve the problems in the sensitive area, as people living in that 
 54
area are being imposed by severe negative impacts, while their willingness to accept such 
impacts is very low. It can be seen that to identify a sensitive area, both total zonal 
impacts and willingness of communities in each zone to accept development impacts have 
to be estimated. The former can be determined from the step of zonal impact assessments, 
but for the latter it is necessarily estimated by the public preferences. Data collection of 
public opinions or preferences must be performed to ask the maximum level of acceptable 
development impacts. In this study, the willingness to accept for travel cost impacts, 
including time and vehicle operating costs, is directly investigated through interview and 
questionnaire surveys. For the willingness to accept of environmental consequences, it is 
indirectly estimated based on the impact priorities from people’s judgments and their 
willingness of economic impacts. Eventually, the willingness to accept for total impacts 
can be calculated and utilized to identify the sensitive area. Based on the total 
development impacts and willingness to accept such impacts estimated in each zone, the 
Index of Acceptance of Development Impact (IADI) can be calculated by using Eq. (3.1). 
This index can be employed to define a sensitive area. The areas that the values of index 
higher than 1.0 will be identified as the sensitive areas. 
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The public participation is also included into collecting the citizen perceptions on impact 
mitigation planning. The opinions and preferences of each community in each zone are 
collected and analyzed to investigate that what is the major impact should be concerned, 
and how the direction of impact mitigation plan should be oriented. In addition, this 
information is analyzed in the zone-base and stakeholder-base. It helps to determine that 
how the conditions in each area can affect to the public’s feelings on impacts generated 
and the mitigation measure in their areas, and also how different stakeholder groups 
prefer such measures. The results of analysis in this step is important information in 
providing some specific points of strategic planning stage, so that the plan can completely 
respond to the existing conditions of each area. 
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It can be noticed that the IZIA framework consists of four characteristics of strategic 
planning approach [Taylor et al., 1995]. First, it is oriented toward the future. It 
recognizes that the land-use conditions will change in the future. It is a long range 
orientation, one that tries to anticipate events rather than simply react as they occur. It is 
recognized that the future land developments are difficult to be controlled, but argues that 
by anticipating the future developments, the plans can help to shape and minimize the 
negative impacts of urban developments. Second, the strategic approach has an external 
emphasis. Many external components are concerned, such as the politic influences on 
national and regional development plans, various secondary development impacts like 
pollution and travel cost impacts. In fact, it can be extended to cover other external 
matters such as political and social dimensions etc. Third, the strategic approach 
concentrates on assuring a good fit between the real land-use conditions and planned ones 
and attempts to anticipate what will be required to assure continued fit. Under the 
conditions of rapid urbanization in developing cities, the IZIA framework can quickly and 
continuously re-assessed and modified based on the situation evolves. Finally, this 
proposed framework is a process. It is continuous and recognizes the need to be open to 
changing goals and activities in light of shifting circumstances within the urban growth 
conditions. It is a process that requires monitoring and review mechanisms capable of 
feeding information to planners continuously. The strategic planning approach is not 
something that can be applied only once and forgotten or ignored. 
 
For example, in Bangkapi the planners can apply the IZIA framework to assess the 
performances of networks in the focused areas and the consequences of land 
developments for every 5 years as same as the planning horizon of the National Economic 
and Social Development Plan and the National Transportation Plan. This is suitable for 
very rapid growths in developing countries that direct long term planning may have a lot 
of uncertainties. The IZIA framework can be expected to investigate the influences of 
land-use developments in term of increased trip generation on urban transportation 
networks, and gradually provide some travel demand controls for any activity areas in the 
comprehensive land-use plan to match with the performances of infrastructures supplied 
in those areas. Eventually, it will create the balances of land developments and 
infrastructure provisions with good living environments for the cities.  
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To obviously demonstrate these IZIA processes, they are applied into Bangkapi area. 
However, before discussing the results of IZIA application, the experimental studies of 
zonal impact analysis are explained in order to clearly provide the basic concepts and 
some useful perceptions for interpreting the results in the practical study. 
 
3.4 THE EXPERIMENTAL STUDY 
 
This section intends to explain about the experimental studies. A numerical grid city was 
chosen as the study area for the experiments as shown in Figure 3.12. The grid city can be 
modeled into the numerical networks for the modeling purpose. It consists of 36 zones 
with 240 links (1 link for 1 direction) of grid networks. The studied grid networks can be 
separated into two circumstances. First, the grid networks consist of only major roads. 
Second, they include both major and minor roads. These two cases are shown in Figure 
3.13 (a) and (b), respectively. While, the major links occupy the capacity of 2,100 pcu-
trips/hr/direction with the free flow speed of 50 km/hr, the capacity and free flow speed of 
minors are 1500 pcu-trips/hr/direction, and 30 km/hr. Both situations of different 
networks are utilized to determine the influences of factors on traffic impacts. The details 
of process of experiment study are explained in the next section. 
 
 
Figure 3.12 The lay out of grid city for the experimental study. 
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(a)     (b) 
Figure 3.13 The grid city of numerical examples (a) all minor networks and (b) minor 
and major networks. 
 
3.4.1 THE INFLUENCING FACTORS ON TRAFFIC IMPACT DISTRIBUTIONS 
 
Normally, a land development project has the major impacts on transportation systems 
providing accessibilities in such activity areas. However, based on the literatures on 
connection between land use and transportation, it has been pointed out that levels of 
generated traffic changes, especially on volumes and travel distances, in urban areas are 
potentially affected by density, land use type, shape of city, and provided transport 
systems [Steiner and Li, 2003, and Webster et al, 1985]. Someone might argue that socio-
economic characteristics of people in the city also influence the travel impacts as well. 
However, in this experimental study it emphasizes on the components of city, called 
“City Structure”, only. Thompson (1977) identified the city structures from the 
viewpoints of traffic study that it means size, shape of city, and distribution of activity 
areas. He also pointed out that the most significant part of a structured city is the activity 
areas, or city centers. This means that land use developments in urban areas really affect 
to traffic conditions of city in term of pattern, speed, and volume. Without development 
controls, activity areas can be distributed in random fashions. This situation is often faced 
in developing cities together with its congestions spread over urban areas. To avoid such 
dilemma, planners try to control land use developments, and this research is one of efforts 
to do so. By proposing Zonal Impact Analysis model to assess the development impacts 
and to find some control alternatives, it should be investigated that what are the potential 
factors that will affect to the adverse impacts of proposed land use project. 
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In this study, as traffic impacts is considered as the preliminary impacts of land 
developments, four main factors probably influencing traffic impacts of a new activity 
area are selected to be investigated their influences. The factors consist of network shape, 
network capacity, size of land development project, and development pattern. Under this 
experimental study, first three factors were determined, and the last one was studied in the 
real world case study. The shape of networks and size of development projects are 
determined by simulating traffics in the case of all major networks, and the significance 
of network capacity is considered in the major and minor ones. The process of 
experiments can be illustrated into Figure 3.14. 
 
 
Figure 3.14 The simulation process of numerical city in the experimental study. 
 
The strategic transportation planning program has been developed to conduct the 
experiments. Both mentioned parts of analysis were performed under the same process. 
The differences were just the analyzed networks and the interpretation of results. At first, 
in the trip generation step the study assumed that numbers of trip productions and 
attractions of every zone in the base case were equal to 1,000 pcu-trips/hour, afterward 
the trip distribution was conducted by using the double constraints gravity model as 
written in Eq. (3.2). The deterrence function (f (cij)), a generalized function of the travel 
costs, can be shown in Eq. (3.3). The other variables were travel cost (cij), number of trip 
production (Oi), number of trip attraction (Di), origin zone (i), and destination zone (j). 
The value of parameters, including α, β and γ, were 1.0, 0.0, and 0.5, respectively. These 
parameters were identified based on the ideal condition explaining that the number of 
intrazonal trips should not exceed 15 % of the total trips [Baass, 1981].  
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( )ijjiij cfDOT α=      Eq. 3.2 
( ) ( )ijijij cccf γβ −= exp      Eq. 3.3 
 
In this study, as all trips were in passenger equivalent unit (pcu) trips, thus the modal split 
could be ignored in the analysis. The incremental assignment technique was applied for 
the traffic assignment. To assess the traffic impacts of developments, the case without 
development project was analyzed firstly to be kept as the base case, and then the cases 
concerning the impact of proposed developments had to be examined as analysis cases. 
Regardless the function of land development projects, there were three sizes of trip 
generations from land usages, including 100, 200, and 300 pcu-trips/hour, respectively. 
The traffic impact assessments were carried out for each zone when each size of 
development project was assumedly implemented in that zone. As there were 36 zones in 
this study area, thus there were totally 108 (363) cases in the first part of traffic impact 
analysis. After the simulations, the changes of traffic operating conditions could be 
evaluated, and utilized to calculate the zonal traffic impact indices for each traffic factor 
in each zone. Similar to the process in the first analysis part, the second part also 
conducted the analysis for 108 cases. The details of results from both parts can be 
described in the following sections 
 
The network shape 
  
To investigate the influence of network shape, the grid network of the grid city was 
selected for the experiment. The reasons are that this city shape fully supports 
motorization, so travelers can freely drive or travel through any routes.  If all conditions 
of networks and land developments are the same, the grid network system will give an 
even distribution of traffic volume [Thompson, 1977]. This is very useful for obviously 
demonstrating traffic impacts of activity area. The studied grid-shape city consists of 36 
zones and 120 links (two directions per link) of the grid networks as shown in Figure 4.1 
(a). All conditions of transportation networks and zones are the same, every link was the 
major roads with capacity of 2,100 pcu-trips/hour/direction, and the free flow speed of 50 
kilometer/hour. The basic number of trip production and attraction in each zone are equal 
to 1,000 pcu-trips/hour. Under this situation, the assumptions of experiments, No. 1 and 2, 
 60
can be established as the results of controlled conditions. All assumptions in this 
experimental study are illustrated into Table 3.4. 
 
Table 3.4 The assumptions for the network shape influences on traffic impact distribution 
No. Assumption 
1 
The traffic impact level should be highly concentrated into the developed zone, and they must be 
gradually reduced in the zone that far from the developed zone based on the distances along the grid 
networks. 
2 If a zone is in the symmetry position with another zone by considering in the network structure, the traffic impact distributions for both zones should be the same patterns. 
3 The bigger size of development project will give the higher traffic impacts on the networks of the city. 
4 The network performance, or capacity, can influence the distributions of traffic impacts along the networks. 
 
The new traffic generation of development project was assumedly implemented in each 
zone of study area, and the traffic impact analyses were conducted based on the zone-base 
impact model. To demonstrate the impact level, the traffic impact index was calculated by 
using Eq. (3.4). In this experimental study, the impact of delays was selected to show the 
generated traffic impacts in each zone. 
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where ifI ,   = Impact Index of Traffic Factor f  in Zone i  
ijF ,′   = Traffic Factor of link j  in Zone i  with the development project 
ijF ,   = Traffic Factor of link j  in Zone i  without the development project 
N   = Number of links in Zone i  
 
A sample result of simulations can be shown in Figure 3.15. In Figure 3.15 (a), it can be 
seen that the zone implemented by a development project had the highest traffic impact 
index, and for the other zones, which far from that zone, their indices were smaller. In 
addition, when consider Figure 3.15 (a) and (b) together, it was found that in the 
symmetry zones, they would give the similar traffic impact distributions, including 
pattern and size of impact indices. These results could inform that Assumptions No. 1 and 
2 are true, under the grid network shape. Therefore, it can be concluded that the shape of 
network can influence the distribution of traffic impacts along transportation system of 
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city. However, the further study to investigate the influences of network shape should be 
conducted into various shapes of networks, such as radial or mixed networks etc., in order 
to determine that how different shapes can affect to the impact distributions. 
 
The Size of Development Project 
 
To investigate the effects of project sizes on generating traffic impacts over urban areas, 
three sizes of trip generations from land usages, including 100, 200, and 300 pcu-
trips/hour, were created to conduct the experiments by regardless the functions of land 
development projects. Based on the results of traffic impacts in Figure 3.16, it was 
obvious that the impact indices for the case of project size generating 300 pcu-trips/hour 
were evidently higher than the one generating 200 pcu-trip/hr at the same positions of 
zones. This result confirms that the bigger development project is implemented in a city, 
the higher impacts can be generated into the networks of that city. 
 
    
(a)       (b) 
Figure 3.15 The travel delay impact index distribution for project in (a) Zone i and (b) 
Zone j 
 
    
(a)       (b) 
Figure 3.16 The travel delay impact index of Zone i for projects of (a) 200 and (b) 300 
pcu-trips/hour. 
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The Network Capacity 
 
In this part, the different networks were utilized to determine the effects of link capacity 
towards impact distribution. This new networks were separated into two types, minor and 
major roads, as shown in Figure 3.13 (b). The major roads had the same properties with 
the previous case, but for the minor ones, the capacity and free flow speed were 1,500 
pcu-trips/hour/direction, and 30 kilometer/hour, respectively. The simulation results of 
traffic impacts shown in Figure 3.17 (a) and (b) point out that the link capacities 
significantly affect to the abilities of impact distributions. As shown in Figure 3.17 (a), 
when the project located in the zone occupying low transportation performances, the 
traffic impacts were concentrated in that zone. It could not be allocated to the other parts 
of networks. Such developed zones would have severe congestions. On the other hand, if 
the same project was implemented into the zone that the full capabilities provided, the 
impacts in that zone was not severe, because they could be alleviated by distributing into 
other links, so the severities of impacts were decreased as illustrated in Figure 3.17 (b). 
 
    
(a)       (b) 
Figure 3.17 The 
travel delay impact index of project implemented in (a) Zone 29 and (b) Zone 15 
 
From these results of experimental study, it provides the better understanding of impact 
distribution in zonal impact model. They pointed out that size of development project, 
shape and capacity of networks, can significantly influence the level of traffic impacts 
generated by land developments in each zone. Although, these experiments might be 
insufficient to draw out the universal points of impact analysis for zonal impact model, 
but at least it could make some confidences for the further study of this research. In the 
next step, the practical study is conducted under the uncontrolled network conditions. In 
the real world case, the IZIA framework is applied to examine the transportation 
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performances in each part of city area. This can help planners to keep balances between 
travel demands of an activity area and its network capability. Furthermore, the factors of 
development pattern, single and simultaneous developments, are studied to determine the 
effects on impact distributions. It can be perceived that these experiments and 
applications make planners to well understand the characteristics of impact analysis in the 
zonal impact model. Therefore in the further developments of zonal impact analysis 
model, the important factors and mechanisms of land development controls can be well 
prepared for sustainable development planning in any city. 
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CHAPTER 4 
LAND DEVELOPMENT IMPACTS OF ZONAL IMPACT 
ANALYSIS MODEL 
 
This chapter aims to explain the simulation processes of traffic impact analyses. Based on 
land use analysis cases in the previous chapter, the effects of new trips generated by land 
development projects in each development case were simulated by Strategic 
Transportation Planning Program. First, the trip database of the study area was prepared 
based on the secondary data from UTDM and TDMC projects, and then travel behaviors 
and trip distributions in Bangkapi for the base case was simulated without any 
development projects. The results of the base one represent the current traffic conditions 
in the study area. They must be validated with the traffic data collected from the field 
surveys. These steps were the repetitive processes until the reliable trip database could be 
established. Next, the database was utilized to simulate the traffic conditions in single and 
simultaneous development cases. The simulation results were employed to evaluate the 
traffic impacts in the IZIA framework, and to evidently show the influences of 
development patterns. These traffic impacts are employed to estimate the secondary 
impacts, including economic and environmental impacts. To obviously explain the 
assessments of secondary impacts, the impact prediction models should be discussed 
separately. Moreover, all zonal impact assessments have to be performed separately for 
single and simultaneous development alternatives, respectively. Finally, the findings of 
zonal impact analysis can be summarized into the last section. 
 
4.1 PREPARATION OF TRIP DATABASE IN BANGKAPI 
 
One of the major transportation and urban development issues addressed in recent years 
has been growing concern about transportation infrastructures not being able to keep pace 
with urban development [Dey and Fricker, 1993]. This imbalance has resulted in 
increases of congestion, delay, and safety, furthermore it can effect to other impacts in 
environmental, economic, and social fields. To determine the effects of development 
project towards traffic pattern changes on transportation network and surrounding areas, 
traffic simulations had to be conducted for this step as illustrated in Figure 4.1. In this 
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research, not only preparation of the transportation database must be conducted, but the 
results of the simulation of database are necessarily validated with the data from the field 
before using to assess the traffic impacts of proposed shopping center project. The traffic 
impacts concerned in this study are traffic volumes, traffic speed, and travel time for each 
link. 
 
 
Figure 4.1 Traffic simulation to determine the traffic characteristic changes  
 
The updated trip database of Bangkapi must be prepared to present the current traffic 
situations, and to be utilized in the next step. The shopping center project was selected to 
be considered in this study. The new trips of this kind of land development significantly 
affect to the transportation networks during evening peak hours. The O-D trip table in 
such periods was prepared by covering 14 internal zones in Bangkapi area and 11 external 
zones for its neighborhood areas. The trip database in this study was established from the 
total trip database of 520 zones of Bangkok Metropolitan Regions (BMR) in TDMC 
project as shown in Figure 4.2. The O-D trip table for the study area had to be arranged 
and modified until the reliable traffic volumes on the networks could be obtained from the 
simulations. These trips were in the unit of passenger car unit (pcu) trips per hr.  
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    - Etc. 
2. Traffic Data Management
    - Traffic Signal Data 
    - Directional Operation (One-way or Two-way) 
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Figure 4.2 The internal and external zones of Bangkapi from 520 zones of Bangkok 
 
4.1.1 THE VALIDATION OF TRIP DATABASE 
 
To validate these simulated volumes, they were compared with the traffic data from the 
field survey. In general, it is accepted as a rule of thumb that the simulated traffic 
volumes are reliable when they are in the range of + 20 % of observed values [Khatib et 
al., 2001 and OCMLT, 2000]. Many arrangements of O-D trip tables and their traffic 
simulations were conducted in order to find out the reliable trip table. If the traffic 
volumes on the networks were unsatisfied, the number of trips that going into and out 
from the study areas at each boundary had to be rearranged. Because this study utilized 
the trip data during evening peak period, therefore the simulated traffic volumes were 
validated based on the averages of observed volumes during evening peak hours (16:00-
21:00) collected in the second phase of TDMC project. These volumes were collected at 
five mid-block stations, S1 to S5, in the study area as shown their locations in Figure 4.3. 
 
The validation results of inbound and outbound traffics can be demonstrated in Figure 4.4 
(a) and (b), respectively. It could be seen that the volumes simulated by Strategic 
Transportation Planning Program at every station were in the acceptable ranges, 20%  
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Si
 
Figure 4.3 The stations of traffic volume data collection 
 
upper and lower levels of average values, from the observed traffic volumes. Therefore, it 
can be sure that the traffic volumes in the networks of the base case were accurate, and 
the trip table prepared was reliable for simulating traffic conditions of each land 
development case. The final O-D trip table utilized in this study is demonstrated in 
Appendix A. The distribution of O-D trips for the internal study areas can be 
demonstrated by desire lines in Figure 4.5.  
 
Next, the current traffic conditions of the base case are discussed to explain the travel 
characteristics in Bangkapi areas, and after that the traffic conditions simulated for each 
land development alternative are described. Eventually, their traffic impacts are 
considered based on the IZIA framework in order to identify the distributions of impacts 
generated by development projects. 
 
4.1.2 THE EXISTING TRAFFIC CONDITIONS OF BANGKAPI 
 
Basically, the numbers of vehicle-kilometer, vehicle-travel time, and average speed, are 
considered as the indicators of overall transportation systems, because they respectively 
represent the quantity and quality of networks [Ambrocino et al., 1999]. This study also 
considered these indicators in evaluating the performances of networks. According to the 
traffic simulation of the base case, the results of overall network performances located in 
internal and external study areas can be illustrated into Table 4.1. 
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(a) 
 
(b) 
Figure 4.4 The validations of simulated traffic volumes for (a) on inbound direction and 
(b) on outbound direction. 
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Figure 4.5 The O-D trip distributions in the internal areas of Bangkapi areas 
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Table 4.1 The overall network performances of the base case. 
Indicator Value 
Vehicle-km (pcu-km/hr) 749,396.58 
Vehicle-time (pcu-hr/hr) 98,959.89 
Vehicle-Speed (km/hr) 7.57 
Total Flow (pcu/hr) 1,656,149.80 
 
It can be seen that the average speed of overall networks in Bangkapi was quite low, 7.57 
km/hr, this represents the severe traffic congestion in the area. As explained in Chapter 3, 
there are so many activity areas in Bangkapi, especially for shopping centers, business 
offices, educational places, and commercial areas, so during evening peak hours the 
traffics become very congested as shown the existing traffic conditions in such period of 
the study area in Figure 4.6. 
 
  
(a)      (b) 
Figure 4.6 The traffic conditions during evening peak hours in Bangkapi 
 
Many people from various places go back to their accommodations, and some people, 
who just finish their daily jobs, go to Bangkapi areas in order to relax with shopping and 
entertainments. If consider number of pcu-trips in 1 hour have been made in the study 
areas, including internal and external trips, 42,852 pcu-trips/hr, together with the average 
car occupancy in BMR 1.4 person/car [OCMLT, 1995b], it can be estimated that the 
number of person trips traveling in Bangkapi is about 59,993 person-trips/hr. This figure 
is about 17.16% of total trips in BMR, 349,570 person-trips/hr. It can be seen that a large 
portion of traffics have been generated in these areas, thus there is no doubt that the 
overcrowding conditions are unavoidable. 
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In the IZIA framework, the existing levels of concerned traffic indicators were considered 
in the zone-base. The study focused on the indicators of vehicle-kilometer, vehicle-travel 
time, vehicle-delay, and travel speed. The first three indicators were their summations of 
each link in a zone, while the other was the average speed of all links in that zone. The 
results of IZIA model for the base case are shown in Table 4.2. To evidently illustrate the 
levels of traffic indicators in each zone, the proportions of concerned indicator in a zone 
towards the same indicator in total study areas were calculated and prepared into GIS 
database as shown the proportions of vehicle-kilometer, vehicle-travel time, and vehicle-
delay for each zone in Figure 4.7 (a)–(c), respectively. In each figure, the levels of 
concerned indicators were separated into five levels, including very low (0%-4%), low 
(4%-8%), medium (8%-12%), high (12%-16%), and very high levels (16%-20%). 
 
Table 4.2 The existing levels of concerned traffic indicators in the internal study zones 
Concerned Traffic Indicators Zone Veh-km (pcu-km/hr) Veh-time (pcu-hr/hr) Veh–Delay (pcu-hr/hr) Speed (km/hr) 
167 23,385 3,242 2,735 7.21 
168 95,262 12,883 11,161 7.39 
169 31,714 5,856 5,005 5.42 
170 65,884 8,492 7,247 7.76 
171 14,964 2,850 2,448 5.25 
172 4,602 764 655 6.02 
173 30,872 6,317 5,418 4.89 
174 10,554 2,545 2,200 4.15 
175 45,670 6,900 5,865 6.62 
176 42,521 3,846 3,037 11.06 
177 46,390 10,238 8,921 4.53 
178 83,709 15,053 12,932 5.56 
179 25,138 3,464 2,829 7.26 
180 17,928 1,370 1,066 13.09 
Total 538,594 83,818 71,519 6.43 
 
From the current traffic indicators, it was found that the quantity of travels in Zone 168 is 
so huge compared to other zones as shown by the very high level of vehicle-kilometer in 
Figure 4.7 (a). This represents the high numbers of travel distance or volume in the zone. 
Since in Zone 168 there are various activity centers located, many trips are attracted to 
and produced from this zone. In addition, Atnarong-Ramintra expressway is established 
in the zone with its entrances and exists, therefore a lot of pass-by trips are generated. 
This expressway also causes to generate a lot of traffics in Zone 170 together with the 
high level of number of vehicle-kilometer. In Zone 178, because it is located near the 
center of radial networks in Bangkapi, so many trips have been traveled along 
Ramkamhang Road in the zone, so its vehicle-kilometer became the high level. As Zone 
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175 and 177 also had some activity areas, and considerable traffics could be generated in 
these areas, so the medium quantities of vehicle-kilometer were produced into both zones. 
For the other zones, their levels of vehicle-kilometer were low and very low.  
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(c) 
Figure 4.7 The proportions of existing levels of (a) vehicle-kilometer, (b) vehicle-travel 
time, and (c) vehicle-delay in Bangkapi for the base case. 
 
Consider vehicle-travel time in each zone, it was obvious that although a lot of trips were 
traveled through Zone 168 and 170, but because of their high performances of 
transportation systems, travel times in these zones could be reduced. As can be seen from 
Figure 4.7 (b), the levels of travel time for traveling in Zone 168 and 178 could be 
reduced from very high to high, and high to medium levels, respectively. In the opposite, 
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Zone 177 and 178 that had lower levels of traffics than in Zone 168 and 178, but the 
levels of travel time indicator in these zones became higher than the others. This is 
because the inferior networks were established in Zone 177 and 178. Even though smaller 
traffics were generated in the areas, but their system capabilities could not handle such 
trips. The same results could be interpreted from the levels of vehicle-delay in Figure 4.7 
(c). In addition, it also could be noticed that the small number of travels in Zone 168 and 
179, the low levels of vehicle-kilometer, insignificantly produce congestion in the zones, 
so the levels of vehicle-delay in these zones were very low (See Figure 4.7 (c)).  
The traffic conditions in any zones of Bangkapi area that affected by the implementation 
of shopping center projects must be simulated as well as in the case without project. In the 
previous chapter, the land use directions of the study area was explained, and it was 
recommended to include both single and simultaneous developments into the analysis 
also. Therefore, the cases of analyses that should be included in this study can be shown 
in Table 4.3. In this research, the traffic impacts are identified as the changes or 
differences of some traffic indicators, including, vehicle-kilometer, vehicle-travel time, 
and vehicle-delay, between with and without projects. Furthermore, these factors were 
utilized to estimate the secondary impacts of travel costs and pollutions in the next step. 
 
Table 4.3 The Analysis Cases of Development Impact Analysis 
Type Group Analysis Case Zone 168 Zone 173 Zone 179 
The Base Case Without Project Case No. 1    
Case No. 2 ○   
Case No. 3  ○  Single Development One Project 
Case No. 4   ○ 
Case No. 5 ○ ○  
Case No. 6 ○  ○ Two Projects 
Case No. 7  ○ ○ Simultaneous Developments 
Three Projects Case No. 8 ○ ○ ○ 
Note: ○ means that the development project implemented in the zone. 
 
4.2 TRAFFIC IMPACTS FOR DEVELOPMENT PROJECTS 
 
It is important to anticipate the development impacts on the overall transportation system. 
To do so, the trip generation of project must be calculated to be added into the influenced 
networks. Generally, many factors can affect the new development traffics at a particular 
site, such as type and size of land development project, local demographics, transport 
patterns, etc. Because of various affecting factors, the accurate trips generated by any 
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development project are difficult to be estimated. In this study, as explained before a 
shopping center project is considered as the concerned land development project. There is 
the assumption that the new development traffics of project are the new trips of the 
project only. The diversion of trips from other similar land use projects was not included 
into the consideration. The new trips of shopping center project were estimated in the next 
section. 
 
4.2.1 THE ESTIMATION OF NEW TRIPS OF SHOPPING CENTER PROJECT 
 
Several methods have been proposed to determine traffic generation of new developments. 
A suitable technique can be varied from simple to more sophisticated, it is depend upon 
the characteristics of studied projects. However, there are two methods that are the most 
commonly used. They are traffic generation rates for similar types of developments, and 
the traffic generation rates from a similar area [Mohamed and Hokao, 2000]. Based on 
these practical methods, this research has reviewed many studies of traffic generation of 
shopping center projects located in suburban centers of Bangkok. Eventually, this study 
selected to utilize the average trip generation rates that proposed by Chaiyasate (2000), 
because his study focused on the similar natures of land use developments, and the 
studied projects had been implemented in the similar study areas. The characteristics of 
the shopping center project for this study are concluded into Table 4.4.  
 
Table 4.4 The characteristics of the shopping center project 
Item Information 
Type of Land Use Shopping  Center 
Gross Floor Area (m2) 200,000 
Predicted Generated Trips during Evening Peaks (car/100 m2/ day)* 
- For weekday 
 
2.92 
Deciding Factors for Estimation 
- Land use unit as activity measure 
- Other determinant factor 
 
Floor Area 
Not Considered 
Service Hours -10:00 AM-10:00PM (hours/day) 12 
Assumption of New Traffic Yes 
Assumption of Primary Trips Yes 
Peak Hour Selection Evening Peak of Road Traffic 
* Source: Chaiyasate (2000) 
 
From Table 4.4, the conventional trip rate analysis method based on floor area of the 
shopping center, 200,000 m2, was utilized to predict the amount of generated traffics. This 
size of shopping center is very common for Bangkapi and Bangkok. It was assumed that 
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all trips generated by proposed shopping center are the new trips, and because of the 
evening peak conditions, these new trips should be assumedly primary trips, or non-
working trips. In addition, based on the traffic conditions of Bangkapi areas, many 
shopping trips have been made during evening peak period in the areas. It has been found 
that in Bangkapi people returning back from works make shopping trips on their way 
back homes, therefore their effects should be taken into account for such evening peaks of 
road traffics on weekday. Finally, it could estimate the number of trips generated by Eq. 
(4.1). 
 
HoursServiceRateTripAreaFloorGrosstripsgeneratedofNumber ÷×=  Eq. 4. 1 
)/500(/33.493
12/100/96.2000,200 22
studythisforhourtripsroundhourtrips
hoursdaymtripsm
=
÷×=
 
 
These new trips were included into the OD trip table of the study area, and then new trip 
distribution was conducted. Eventually, the new trips of development projects and 
existing travel behavior were assigned into the Bangkapi networks. Afterwards, the traffic 
impacts of shopping center project were determined by the changes of existing and new 
traffic conditions. Before the discussion of zonal impacts of internal study areas in each 
development alternative, the overall traffic indicators for both internal and external zones 
should be considered as shown in Table 4.5. It can be seen that the traffic indicators of 
overall networks, particularly in term of vehicle-kilometer (Veh-km) and vehicle-travel 
time (Veh-time) quantities, for all development alternatives were increased from the 
existing levels of base case, because of new trips generated by shopping center project(s). 
However, it could be noticed that in Case No. 4 (the project in Zone 179) and No.5 (the 
projects in Zone 168 and 173) the average speed of Bangkapi networks were improved, 
this might be because the new sources of traffics could help to more efficiently 
redistribute the trips of study area and find the better equilibrium stage of networks. It 
was reasonable that the highest traffic impacts were generated into the case of all projects 
implemented, as highest no. of trips were induced into the system. Therefore its average 
speed became the worst, 7.33 km/hr. 
 
Because this research focuses on the IZIA application in Bangkapi area, thus only internal 
zones were analyzed or evaluated the traffic impacts and other secondary impacts in the 
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further steps. It should be realized that even though, total traffic indicators were increased 
in all cases, but if consider their levels in individual internal zones they might be possibly 
increased or decreased. This is relied on the local conditions of networks in each zone. 
The details of zonal impacts will be discussed later. 
 
Table 4.5 The network indicators of overall areas for each analysis case 
Type Group Analysis Case Veh-km (pcu-km/hr) 
Veh-time 
(pcu-hr/hr) 
Ave. Speed 
 (km/hr) 
Total Flow 
(pcu/hr) 
Base Case Without Project Case No. 1 749,397 98,960 7.57 1,656,150 
Case No. 2 779,862 105,430 7.40 1,721,747 
Case No. 3 764,493 103,327 7.40 1,681,464 Single Development 
One 
Project Case No. 4 753,372 99,100 7.60 1,663,542 
Case No. 5 756,046 99,492 7.60 1,669,236 
Case No. 6 766,157 103,974 7.37 1,687,941 Two Projects Case No. 7 779,158 102,771 7.58 1,703,579 Simultaneous Developments 
Three 
Projects Case No. 8 784,528 106,995 7.33 1,747,249 
 
4.2.2 THE TRAFFIC IMPACTS OF SINGLE DEVELOPMENT PROJECTS 
 
In the single development cases, a shopping center project was implemented in a zone, 
and it would create the traffic impacts on transportation networks. The project would be 
separately implemented into Zone 168, 173, and 179, respectively. The traffic impacts in 
the zone-base analysis for single developments consist of vehicle-kilometer, vehicle-
travel time, and vehicle-delay as shown in Table 4.6. Because various kinds of impacts 
were concerned, the normalization of impacts was performed to remove the effects of 
different impact units. This is also beneficial for the alternative comparisons and 
evaluations.  
 
There were two ways of normalization in the impact assessment of this study. First, to 
compare the impacts generated among alternatives, it can employ the normalization 
equations as shown in Eq. (4.2) and (4.3). Second, its normalization aims to obviously 
demonstrate the distribution of development impacts among zones in a land development 
alternative as shown in Eq. (4.4) and (4.5). It can be noticed from the normalization 
equations that while the former way in considers the zonal impacts in a zone for all 
development alternatives, the second way concern the zonal impacts of all zones in a 
development alternative.  
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Impacts of Zone j in alternative i (Ii) normalized among Zone j in other alternative 
i
iji
ji
II
θς
∨−= ,,       Eq. 4.2 
∑
= i
ji
ji
jI
1
,
,
ς
ς
      Eq. 4.3 
Impacts of Zone j (Ij) normalized among other zones in alternative i 
j
jji
ji
II
θς
∨−= ,,      Eq. 4.4 
∑
= j
ji
ji
iI
1
,
,
ς
ς
      Eq. 4.5 
Where 
iii II
∨∧ −=θ  
jjj II
∨∧ −=θ  
i. eAlternativin   ZonesAllfor  Compared j in Zone Impacts Max. and Min.between  Gap
i. eAlternativ Allfor  Compared j in Zone Impacts Max. and Min.between  Gap
 i. eAlternativin  j  ZoneofIndex Impact  teIntermedia
i. eAlternativ in the  ZonesAll with Compared Any Zone of Impacts Maximum
i. eAlternativ in the  ZonesAll with Compared Any Zone of Impacts Minimum
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At first, the study intends to investigate that for single development alternatives, which 
Zone is the most suitable developed area. This can be considered based on normalization 
indices calculated from Eq. (4.3). As all traffic impacts were normalized, thus they could 
be summed together for each zone in order to achieve the total impact indices in a zone. 
To select the best development alternative, the minimum development impacts are 
required, because it represents that the resources, such as travel time, fuel, etc., are 
minimized. As the results, it was found that Case No. 4, or the implementation of project 
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in Zone 179, was the best alternative as illustrated by the lowest total impact, 4.565. This 
index was also lower than the base case, so it means that traffic factors in the study area 
could be reduced. This might be because of more efficient redistribute trips in Bangkapi. 
The impact indices of two cases were higher compared to the base case. The indices when 
the project implemented in Zone 168 was slightly higher than the one in Zone 173 as seen 
from the indices of Case No. 2 and No. 3 were 13.685 and 13.354, respectively. However, 
these indices were based on traffic impacts only, so it was still ambiguous for other kinds 
of impacts. Therefore, it was necessary to conduct the further impact analyses. 
 
Regarding to the best development alternative, the zonal traffic impacts generated by a 
shopping center project located in Zone 179 should be considered as well. To do so, the 
zonal traffic impacts from all zones in that development alternative had to be normalized 
by using Eq. (4.4) and (4.5). The total impact indices of each zone could be calculated by 
the summation of indices of all impacts in a zone. The results of zonal impacts when a 
shopping center project implemented into Zone 179 can be shown in Table 4.8. In 
addition, to obviously demonstrate the zonal impact distribution, these impact indices 
were inputted into the Geographic Information System (GIS) database as shown in Figure 
4.8 (a)-(c). 
 
From Table 4.8 and Figure 4.8 (a)-(c), it was found that if a shopping project was located 
into Zone 179, more traffic congestion were imposed into Zone 168, 169, 170, 178 ,and 
179. This can be seen from their increases of traffic impact indices compared to the base 
case. Particularly in Zone 170, the traffic impacts, including veh-km, veh-time, and veh-
delay, were significantly increased. It might be because to access the forthcoming project 
most people travel through the high performance network, Atnarong-Ramintra 
Expressway, located in Zone 168 and 179, so the traffic impact indicators in these zones 
became higher. Definitely, the new land use activity in Zone 179 would create more 
overcrowded conditions in the area as shown by increases of impact indices. However, 
due to the development project, some zones could be improved for traffic conditions. For 
example, traffic impact indices in Zone 171, 173, 174, and 178, were reduced. This 
situation might be caused by improved trip allocations into the networks of Bangkapi. 
Because the location advantage of Zone 179 that located in the center of radial networks, 
it helped to increase more accessibilities of the developed area and to decrease travel 
distances and number of long trips in various zones.  
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 (c) 
Figure 4.8 The normalized traffic impact distributions of (a) vehicle-kilometer, (b) 
vehicle-travel time, and (c) vehicle-delay for development project in Zone 179 
 
4.2.3 THE TRAFFIC IMPACTS OF SIMULTANEOUS DEVELOPMENT PROJECTS 
 
In the simultaneous developments, a group of previous shopping center projects were 
implemented in more than one zone. However, those projects were the same type and size 
in order to determine the actual effects of transportation performances in serving travel 
demands of land developments in each area. The results of traffic impacts in each 
simultaneous development case together with the base case are illustrated in Table 4.9. 
Similar to the single development alternatives, to evaluate these development alternatives, 
the impacts must be normalized as shown in Table 4.10. It can be seen that the case of 
two projects in Zone 168 and 173 was the best alternative, as its total impact index for 
internal study areas was the lowest, 4.763. For the worst case, it had no doubt that it 
 82
should be the developments in all of three zones, as shown by highest total impact indices, 
10.892. Even though, the total vehicle-kilometer in the case of developments in Zone 173 
and 179 was higher than in three-zone development case, but its total vehicle-travel time 
was much lower, eventually the total impact index for the project implementation of Zone 
173 and 179 became lower than another.  
 
To demonstrate the zonal impacts distributed from the projects in Zone 168 and 173 
through the networks of study area, the zonal impacts of the best development alternative 
in Table 4.9 were normalized by Eq. (4.5) and shown into Table 4.11 and Figure 4.8 (a)-
(d). It was obvious that Zone 170 was significantly affected by the traffic impacts of 
projects in Zone 168 and 173. As explained before that Zone 170 occupies the good 
transportation networks, so it plays the main role of traffic distribution in such areas. In 
addition, it was noticed that the traffic conditions in developed zones seems to be reduced, 
this might be because the limitations of the utilized simulation program. Due to the 
program cannot consider the micro simulation of networks inside of zones, so the impacts 
of increased intrazonal trips are not included, and also delays at junctions are neglected. 
These cause to uncompleted impacts of development alternatives, therefore it is essential 
to improve the capability of simulation program in the further research. 
 
In these zonal traffic impact analyses, although it could be found that in single and 
simultaneous developments which alternatives should be considered as the recommended 
plans, but these evaluations were relied on the consideration of traffic impacts only. 
Therefore, these comparisons of traffic impacts are insufficient to make the final 
conclusion yet. The further impact assessments for other secondary impacts are very 
necessary to be performed, particularly in encouraging the sustainable developments of 
any city. The details of secondary impact assessment in the zonal level y are discussed in 
the next sections. 
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(c) 
Figure 4.9 The normalized traffic impact distributions of (a) vehicle-kilometer, (b) 
vehicle-travel time, and (c) vehicle-delay in for development in Zone 168 and 173 
 
4.3 ECONOMIC IMPACTS FOR DEVELOPMENT PROJECTS 
 
This section aims to describe how to evaluate the secondary impacts of new traffics 
induced by land developments in the viewpoint of economic impacts. Under the economic 
impacts, the study emphasizes on travel costs consisting of values of travel time (VOT) 
and vehicle operating costs (VOC). The traffic impacts in each zone were inputted into 
the travel cost estimation models to assess the zonal travel cost impacts. At first, the cost 
estimation models of value of time and vehicle operating cost for this study were 
explained, after that the estimation of travel costs in the base case was conducted. Based 
on the utilized models, the costs of each analysis case were estimated, and determine the 
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changes of travel costs in each zone, or zonal economic impacts. The impacts were 
explained for single and simultaneous developments, respectively. 
 
4.3.1 THE TRAVEL COST ESTIMATION MODELS  
 
To estimate the economic costs, various travel cost prediction models in Thailand were 
reviewed. Eventually, the value of time and vehicle operating cost estimation models 
developed by Department of Highway (DOH) (2000) were applied into the study, because 
they are the newest improvements of travel cost models in Thailand. Under these model 
developments, all necessary data, including socio-economic data, economic conditions, 
and travel behaviors, were concerned for adjusting in order to obtain the suitable unit 
costs. In addition, many Thai project evaluations have utilized this cost information. The 
details of VOT and VOC can be described in the following sections. 
 
The Value of Travel Time 
 
Commonly, the cost of travel time can influence about 60%-80% the impact evaluation 
issues of urban and transportation planning. Therefore, it is very important that the proper 
values of travel time cost unit should be employed into any travel cost impact study. For 
Thailand, there are two agencies that strongly concern about the estimation study of value 
of time of people. They are DOH and OCMLT. These organizations are ones of the most 
reliable data sources for transportation planning in this country. In 1998, OCMLT’s study 
reported that based on average household income in BMR, the value of time of people 
was estimated that about 57 Baht/hour (in 1995 price) [OCMLT, 1995b]. The last effort 
for estimating the unit cost of travel time was performed by DOH in year 2000. They 
estimated for two classifications of trip purposes, working trips and non-working trips, 
the unit cost of travel time for Thai people in each horizon period can be illustrated in 
Table 4.12. This study selected to employ the values of time estimated by DOH, because 
they were the updated values corresponding to the present conditions of Thai life styles 
and economy in Thailand. Moreover, various important adjusting factors were included 
into calculating the unit cost of travel time. Although, this study utilized the DOH values 
of travel time, but these values were necessarily adjusted with the year of study, 2003. All 
values had to be modified based on the growth rate so that the appropriate ones for year 
2003 could be achieved. To evaluate the travel time costs, one of important variables is 
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the average car occupancy rate. As studied by OCMLT (1995b), the estimated average 
vehicle occupancy rates for Bangkok were demonstrated in Table 4.13.  
 
Table 4.12 The estimated values of travel time in Baht per hour per person for Thailand. 
Value of Travel Time (Baht/hr) Year Work Trips Non-Work Trips 
2000 53.87 13.47 
2003* 59.60 14.90 
2006 62.47 15.62 
2011 70.68 17.67 
2016 79.97 19.99 
2021 90.48 22.62 
Source: DOH, 2000 
 
Table 4.13 The average vehicle occupancy for Bangkok 
Vehicle Type Average Vehicle Occupancy Rate (Passengers/Vehicle) 
Motorcycle 1.0 
Passenger Car 1.4 
Light Truck 1.0 
Light Bus 7.0 
Medium Bus 20.0 
Heavy Bus 40.0 
Source: OCMLT, 1995b 
 
The Vehicle Operating Costs  
 
The VOC models of DOH have been developed based on the Highway Design and 
Maintenance Standard (HDM) of World Bank, but their parameters were adjusted to be fit 
with the conditions of Thailand. To develop the suitable cost models, many fundamental 
data, including types of vehicles, fuel consumptions, costs of lubricant and tires, and 
workforce costs for operating and maintenance, were included in the developments of 
cost estimation models. In addition, the market shares and unique characteristics of 
different vehicle brands were concerned in developing models as well. Similar to VOT, 
the models of VOC were developed for year 2000, 2006, 2011, 2016, and 2021. Moreover, 
these models were also classified for different topography conditions, including flat, 
rolling, mountainous terrains. However, as this research focuses on Bangkok areas in the 
flat terrain, so only the models of flat conditions were concerned. The relationships 
between cost units of VOC for each vehicle type at various speeds in year 2003 are 
demonstrated in Figure 4.9. These relationships can be programmed in order to estimate 
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the VOC rate at average traffic speed on each link of traffic networks. Together with 
travel distance and estimated VOC rate, the costs of vehicle operating can be calculated. 
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Figure 4.10 The relationships of VOC rate and speed for each vehicle type in year 2003 
Source: Modified from DOH (2000) 
 
Based on traffic indicators simulated from the previous step and explained travel cost 
estimation models, the costs of travel time and vehicle operations in any zone for each 
development case can be calculated by Eq. (4.6) and (4.7), respectively. The total travel 
costs in a zone is the summation of travel time costs and vehicle operating costs as shown 
in Eq (4.8). The economic impacts of land development alternatives can be calculated by 
the changes of total travel costs in each alternative based on the existing costs of the base 
case. The travel costs of existing travel patterns in Bangkapi was estimated by the travel 
costs generated in the traffic conditions of the base case as shown in Table 4.14. 
 
[ ]∑∑∑ ×××=
i p v
ipvvipj FAVOTVOTRVOT ,,   Eq. 4.6 
[ ]∑∑ ××=
i v
ivikvj FDVOCRVOC ,,     Eq. 4.7 
jjj VOCVOTTC +=      Eq. 4.8 
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where 
( )
( )
( )
( )
( )
( )
jZoneinCosts TravelTotaljTC
urvehicle/hoilink on  FlowTrafficF
vehiclepassenger/sOccupancieVehicleAverageAVO
Km ilinkofDistanceD
hour ilinkonTimeTravelT
Baht/KmCostOperatingVehicleofRateVOCR
esBaht/MinutCostTimeofValueofRateVOTR
jZoneinCostOperatingVehiclejVOC
jZoneinCostTimeofValuejVOT
speedtraffick
vehicleoftypev
purposetripp
jZoneinilinki
areastudytheinjZonej
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 
 
Table 4.14 The estimated travel costs for the existing traffic conditions of base case 
Zone Zonal VOC Costs Zonal VOT Costs Total Zonal Economic Costs 
167 148,737 198,095 346,832 
168 621,029 787,299 1,408,328 
169 151,437 357,845 509,282 
170 450,674 518,942 969,616 
171 69,276 174,147 243,424 
172 24,435 46,698 71,133 
173 133,016 386,043 519,060 
174 38,587 155,520 194,107 
175 266,523 421,651 688,174 
176 365,891 235,004 600,895 
177 185,339 625,613 810,952 
178 410,426 919,869 1,330,295 
179 160,857 211,665 372,522 
180 146,965 83,698 230,663 
Total 3,173,192 5,122,089 8,295,283 
Unit: Baht/hr. 
 
As the travel cost predictions were considerably relied on the inputs of traffic factors, 
therefore the results of travel cost estimations in the base case were similar to its 
estimated traffic factors for each zone. Zone 168, 170, and 178 occupying a lot of vehicle-
kilometer and vehicle-travel time had very high total zonal economic costs, as shown in 
Figure 4.11 (c). This is reasonable, because these zones have the main transportation 
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systems playing as the role of main trips distributors, hence the huge travel costs should 
be imposed into these areas. 
 
The vehicle operating costs in Zone 170, 176, and 180 were higher than their travel time 
costs as illustrated in Figure 4.11 (a) and (b). This represents the better mobility, or lesser 
congestion, in these areas, most of travel costs were dedicated for fuel consumptions and 
other operating expenses, not for time losses. This was different in Zone 167 and 177, due 
to more congested conditions in these two zones, their travel time cost became higher 
than the operating costs.  
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(c) 
Figure 4.11 The proportions of existing levels of (a) value of time costs (VOT), (b) 
vehicle operating costs (VOC), and (c) total travel costs in Bangkapi for the base case. 
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Additionally, it was noticed that in Zone 177 its number of zonal travel-time was higher 
than in Zone 170, because a lot of congestions had been generated in this area, but Zone 
170 would have more traffic volumes, due to the attractiveness of better transportation 
systems. Eventually, the number of travel distances in Zone 170 was much higher than in 
Zone 177. In the part of zonal impact analyses of traffic impacts, we did not concern 
about this point, as they might be difficult to be decided that which zone was better in the 
viewpoint of evaluation. As the results, we normalized all traffic impacts and combined 
them without the consideration of specific effects of each impact. To conduct more 
advanced impact analysis, it is recommended to consider into the evaluation of travel 
costs. For example, in the case of zonal traffic impacts of Zone 170 and 177 it was 
pointed out that the effect of travel distances was more significant than travel time, so the 
total costs of Zone 170 became higher than another. It can be seen that the estimation of 
travel costs made the analysis more obvious than the previous traffic impact analysis. 
 
Similar to travel cost estimations in the base case, the travel costs generated in each land 
development alternatives had to be determined. The details of economic impact 
assessment for both single and simultaneous development alternatives can be described in 
the next sections. 
 
4.3.2 THE ECONOMIC IMPACTS OF SINGLE DEVELOPMENT PROJECTS 
 
As explained before, the travel cost impacts were depend on the inputted traffic impacts, 
so the results of travel cost impacts were similar to the ones of traffic impacts as shown in 
Table 4.15. In the zones that had high number of vehicle-kilometer and vehicle-travel 
time or vehicle-delay, their travel costs, including vehicle operating costs and travel time 
costs, were significantly high as well. However, their travel cost impact magnitudes might 
be different, it was depend on the zonal characteristics, such as network capabilities, no. 
of trips, traffic conditions etc. Although the economic cost impacts of each land 
development alternative could be compared directly by considering total travel costs, but 
due to the large amounts of generated costs it might be too difficult to compare them in 
such a way. This study employed the normalization process of generated travel costs in 
evaluating development alternatives. The zonal impacts of vehicle operating costs, travel 
time costs, and total travel costs, were normalized and demonstrated into Table 4.16. 
Based on the zonal total travel cost impact indices, it was found that Zone 179 was the 
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best zone for any shopping center project as its lowest index, 1.452. This impact index 
implied that the travel costs in Bangkapi could be decreased after implementing a 
shopping center into Zone 179. It might be because the traffics in the study area were 
more effectively reassigned into the networks. As a result, the congestion in Bangkapi 
could be significantly improved compared to the base case occupying the travel cost 
impact index, 3.353. 
 
For the second alternative, Zone 168 was selected to be implemented, as its increased 
total travel cost impacts were smaller than the other’s. The total cost impact indices when 
project in Zone 168 and 173 were 4.617 and 4.578, respectively. However, these indices 
were not evidently different. Moreover, if consider the impact indices of vehicle operating 
costs and travel time costs, it was also obvious that they had been reduced considerably 
from the existing levels of base case, as shown by 3.701 reduced to 1.666 for VOC and 
3.342 to 1.447 for VOT. When a shopping center located in Zone 168, the major 
economic impacts were putted into VOC rather than VOT as shown by 4.839 of total 
VOC index. On the contrary, the VOT costs became the major impacts if the project 
implemented in Zone 173 as can be seen from 4.982 of total VOT index. 
 
To consider the zonal economic impact distributions, the travel cost impacts in all zones 
of the best alternative, the implementation of project in Zone 179, had to be normalized 
among the zones themselves. The results of normalized zonal impacts can be 
demonstrated into Table 4.17 together with the distribution of normalized impacts of the 
base case. Regarding to the comparison, it was evident that the travel cost impacts were 
increased obviously than the other zones. This was because most people traveled through 
this zone in order to avoid the congestion by using Atnarong-Ramintra Expressway and 
comfortably access to the shopping center in Zone 179. Some zones that located along the 
main roads accessing to the project were also affected by induced traffics, as seen from 
the increases of travel costs in Zone 169, 175, 178 and 179. However, some zones could 
be alleviated in traffic congestion conditions, so their zonal travel costs were decreased, 
although they were not so obviously, see in Zone 167, 171, 173 and 174. These travel cost 
impacts in each zone caused by a shopping center project in Zone 179 can be 
demonstrated into Figure 4.12. 
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Figure 4.12 The normalized total economic impact distribution for project in Zone 179 
 
4.3.3 THE ECONOMIC IMPACTS OF SIMULTANEOUS DEVELOPMENT PROJECTS 
 
The results of total travel cost impacts in each simultaneous development case are 
illustrated in Table 4.18. The results of economic impacts were more obvious than in the 
traffic impacts. Once again, these impacts were normalized among alternatives to find out 
the suitable development alternative. In Table 4.19, it presents the normalized zonal travel 
cost impacts. It could be found that the best zones for simultaneous developments were 
Zone 168 and 173, because the total impact index of this alternative was the minimum 
index, 1.606, compared to the other alternatives. The worst alternative was Case No. 8, 
implementing the projects in three zones. This was reasonable, as there were the highest 
number of induced trips by shopping center projects.  
 
In demonstrating zonal impact distribution, the impacts in each zone of selected 
simultaneous development alternative were normalized among the zones and shown into 
Table 4.20 and Figure 4.13. Similar to the single development, the most severe travel cost 
impacts were imposed into Zone 176. The zonal travel costs in Zone 170, 175, 178, and 
179 were increased also, although they were not so huge. Particularly in Zone 170, due to 
its roles of main traffic distributor in Bangkapi, any land developments in this area can 
effects to the transportation systems in Zone 170. Therefore, planner should pay 
attentions to take this zone into account for mitigating impacts of land developments. 
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Figure 4.13 The normalized total economic impact distribution for projects in Zone 168 
and 179 
 
In the next section, the traffic impacts were utilized again to estimate the environmental 
pollution impacts of new traffics caused by land development project. There were two 
kinds of environmental impacts, air and noise pollutions, considered in this study. All 
pollution impacts will be described based on the zonal impact analysis. 
 
4.4 ENVIRONMENTAL IMPACTS FOR DEVELOPMENT 
PROJECTS 
 
As same as other mega cities in the world, the rapid of industrialization and urbanization 
has pushed Bangkok into the pollution problems associated with transportation sectors, 
especially when lack of land development controls occurred in the city. Therefore, it is 
necessary to include the environmental impact issues in assessing land development 
impacts. This section aims to explain the process of traffic pollution impact assessments 
based on new traffics induced by shopping center project(s). The reviews of pollutions 
prediction models, including noise and air pollution models, were explained as the first 
section. The evaluation of existing pollution levels in Bangkapi areas for the base case 
was described in the next. The levels of all pollution types in every development case had 
to be assessed to present the environmental impacts of development projects. 
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4.4.1 THE POLLUTION PREDICTION MODELS  
 
To estimate the noise and air pollutions generated by new development traffic, the traffic 
pollution models for Bangkok have been reviewed. For air pollution models, the full 
capacity of monitoring and prediction system for BMR, called AIRVIRO system, was 
established by Pollution Control Department (PCD), but for noise pollutions, the 
prediction models based on the traffic conditions are still far from standardized. The 
standard noise prediction models for Bangkok are under the construction of PCD. Most of 
noise models are in the Thai academic society as the research projects. However, due to 
tool and time limitations of this research, it was impossible to employ the database and 
model of AIRVIRO System in forecasting air pollution levels in Bangkapi areas, hence 
this study had reviewed and examined many proposed air and noise pollution models, and 
eventually the suitable ones were selected for further environmental impact analyses. 
Those pollution models were utilized, not only because they have high prediction abilities, 
but they were developed from the same study areas also. The details of models can be 
described in the following sections. 
 
Noise Pollution Models 
 
Noise has always been an important environmental problem for people’s living, but if 
compare with other pollutants, it is found that the control of environmental noise has been 
hampered by insufficient knowledge of its effects on humans and of does-response 
relationships, as well as by a lack of defined criteria [Rylander, 1999]. Particularly in 
developing cities, the noise pollutions are more severe, due to poor urban growth planning. 
For Bangkok areas, the major source of noise pollutions is the traffics [DCP, 2002]. To 
limit and control level of noise, the proper scientific evaluation of available data, 
especially on traffic noise predictions, is essential.  
 
Usually, the factors affecting to traffic noise pollution level can be considered as type of 
vehicle, traffic volume, speed, lane width, distance from the source, obstacles, road 
surfaces, and road slope. In addition, the models can be classified based on the 
characteristics of traffic streams, including acceleration and deceleration streams, or 
uninterrupted and interrupted traffics. By considering important factors and traffic 
conditions in Bangkapi, it was recommended that the traffic noise prediction model of 
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interrupted flow is suitable. Such model developed in Bangkok had been reviewed and 
determined their accuracies of predicted noise level in the study area. Finally, the noise 
models of interrupted flow developed by Buranatrakul (1995) were selected to predict the 
noise level in Leq for 1 hr. These models were developed from the same areas, and they 
could be separated into two conditions, for traffic speed higher and lower than 50 km/hr 
as shown in Eq. (4.9) and (4.10), respectively.  
 
For Traffic Speed < 50 km/hr 
 
)(23.5
)106(7.110107.0)(5.4)(62.531
kdLog
HMLLogJWLogVLoghrinLeq
−−
+++−−−=
 Eq. 4.9 
 
For Traffic Speed > 50 km/hr  
 
)(97.4
)106(16.12)(01.5)(38.466.531
kdLog
HMMCLCLogWLogVLoghrinLeq
−−
++++−−=
 Eq. 4.10 
 
When  Leq in 1 hr = Equivalent Sound Level in 1 hour (dBA) 
V   =  Average Traffic Speed (kilometer/hour) 
W   =  Road Width for Two Directions (meter) 
J =  Distance from the stationary point to the intersection 
(meter), 100 m. 
L =  No. of Light Vehicles, the weight lower than 4.5 ton 
(vehicle/hour). 
M =  No. of Medium Vehicle, the weight about 4.5-12 ton 
(vehicle/hour). 
H =  No. of Heavy Vehicles, the weight higher than 12 ton 
(vehicle/hour). 
MC  =  No. of Motorcycles (vehicle/hour) 
d   =  Distance between the building and road edge (meter) 
k  =  Distance between the monitor and road edge (meter), 1m.  
 
These noise pollution models had been improved based on the models developed by Jraiw 
(1987). It can be noticed that physical conditions of each area and network, including 
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road widths, distances between the buildings and road edges, were necessary input data, 
thus the study provided the physical data of Bangkapi areas, by using the Geographical 
Information System (GIS) database of Bangkok as shown in Figure. 4.14.  
 
Distance between building and road edge (d; m.)
Road Width (W; m.)
 
Figure 4.14 The input data of obstacle distances and lane width for noise prediction 
models in Bangkapi. 
 
Air Pollution Models 
 
Basically, the air pollution models can be separated into two main types, atmospheric 
dispersion and emission models. These models are very important to assessing the 
impacts of motor vehicle travels on pollutant emissions and concentrations. However, 
even though both kinds of models are employed to predict the air pollution levels, but 
owning to a lot of uncertainties, particularly from the influence of turbulent air flow, in 
practice, the accuracy of predicted pollutions compared with the monitored pollutants are 
very low, about + 30-50% [Panit, 1998].  In this research, due to data limitations, only 
pollution emission models were considered to estimate the quantities of traffic air 
pollutions generated by new traffics. Emission levels of traffic streams are relied on 
several factors such as speed, acceleration rate, and the load on the engine over the 
distance of trips. This research has studied many models of pollution emissions in 
Bangkok, eventually the models developed by Angkoonwatthana (1997) were chosen to 
assess the air pollution emissions of traffics. The proposed models mainly estimate the 
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emission rates of CO, NOX, and SO2 by varying with traffic flow speeds. These models 
have been developed based on the data collections of some parts of Bangkapi area. An 
example of emission models of passenger car utilized in this study is illustrated in Table 
4.21. It can be seen that CO emission rate is quite high at the low speeds, especially when 
the speed is 25 km/hr. For NOX, the emission rate will be lower, if the speed is higher. 
Until speed up to 80 km/hr, the emission rate will be increased again. The emission rates 
of SO2 are very low, when compared with the other pollutions. 
 
Table 4.21 The CO, NOX, and SO2 emission models of passenger car 
Emission Rates Speed CO NOx SO2 
10 1.201 0.216 0.005 
20 1.206 0.160 0.005 
25 2.171 0.197 0.005 
30 1.085 0.150 0.003 
35 1.381 0.149 0.003 
40 1.143 0.154 0.002 
45 1.520 0.173 0.007 
50 1.053 0.158 0.001 
55 1.313 0.141 0.000 
60 1.350 0.164 0.003 
65 0.922 0.113 0.003 
70 0.971 0.151 0.000 
75 0.088 0.032 0.000 
80 2.025 0.323 0.000 
85 0.972 0.140 0.000 
Unit of all air pollutions: gram per km 
 
By using mentioned pollution models, the pollution emitted by traffics can be estimated. 
For the reliability of pollution levels predicted by these models, the pollution levels 
should be validated with the existing levels monitored from the field surveys. However, 
as explained before that due to the limitations of data and tool availabilities, only 
emission models of air pollutions were utilized, therefore the estimated pollution 
emissions could not be validated with the pollution levels monitored in the ambient air. 
However, the traffic pollution emissions in this research could classify the trends of 
pollution impact levels generated by induced traffics. For noise level, the predicted values 
could be validated directly with the observed ones. This study compared the results of 
noise models with the data of noise levels collected by PCD from various stations in 
Bangkok. There are two stations, S1 and S2 monitoring noise levels at the roadsides in 
Bangkapi as shown in Figure 4.15, and the predicted and observed noise levels of these 
stations can be demonstrated in Table 4.22  
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S1 
S2
             Station for monitoring noise pollution 
Ramintra-Atnarong Expressway 
Ramkamhang Road 
Nawamin Road 
Serithai Road 
Srinakarin Road 
Ladprao Road 
Si
 
Figure 4.15 The monitoring station of noise pollution levels in Bangkapi 
 
Table 4.22 The observed and predicted noise levels at monitoring stations in Bangkapi 
Observed Noise Level* Station Max Min Average Leq for 1 hour Predicted Noise Level % error 
S1 75.2 72.9 73.50 72.95 -0.75% 
S2 76.6 77.4 N/A 83.80 N/A 
*From PCD (2002) 
Noise Level is in Leq for 1 hour (dBA) 
 
From Table 4.22, it can be seen that in station S1, the model could predict the noise level 
with high accuracy. The predicted noise level, 72.95 dBA, was in the range of observed 
values from the site, particularly when consider % error from the average Leq for 1 hour it 
was only -0.75 %, this means that the noise model could predict with the high accuracy. 
For station S2, the predicted value was higher than the monitored ones, the % error could 
not be calculated, as the data of average Leq for 1 hour was not available (N/A). 
Nevertheless, it could be estimated that the predicted noise, 83.80 dBA, was higher than 
the maximum range about 8.27 %. The noise predictabilities of the utilized model were 
acceptable for this research, and they were utilized to predict the air and noise pollutions 
according to traffic conditions in the cases of with and without development projects.  
 
At first, the models were applied into the traffic conditions of the base case in order to 
estimate the existing levels of pollutions in zone-base model. The noise levels of each 
zone were the average weighted by traffic volumes on each link in a zone, while the 
quantities of air pollutions were the summations of pollutions emitted on each route in a 
zone. The existing pollution levels of the current traffics can be illustrated into Table 4.23. 
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Table 4.23 The estimated pollution levels from the existing traffic conditions. 
Pollution Levels Zone Noise CO NOX SO2 
167 81.52 15.91 2.68 0.04 
168 80.72 69.28 11.85 0.20 
169 80.52 19.39 3.41 0.07 
170 78.55 49.59 8.02 0.10 
171 77.98 11.07 1.86 0.03 
172 78.35 2.27 0.41 0.01 
173 83.11 20.22 3.58 0.07 
174 84.49 5.58 1.00 0.02 
175 82.93 31.28 5.47 0.11 
176 79.00 28.48 4.75 0.07 
177 84.24 31.02 5.56 0.12 
178 82.81 55.90 9.90 0.20 
179 79.48 17.27 2.94 0.05 
180 74.65 15.07 2.28 0.01 
Total 80.60* 372.33 63.71 1.10 
* the average noise level weighted by traffic volumes 
Units of noise level: dBA 
Unit of all air pollutions: kg per hr. 
 
The results of pollution levels in Table 4.23 can be illustrated into Figure 4.16 to show the 
present pollution conditions obviously. The noise pollutions were presented in the levels 
of existing noise level in a zone that exceeding than the acceptable standard of PCD, 70 
dBA, while the air pollutions were shown in the levels of proportions of zonal air 
pollution emission to the total emission of study area. In Figure 4.16 (a), it can be seen 
that most zones were imposed very high noise pollution levels that exceeding than 70 
dBA about 10-20%. This means that noise pollutions in Bangkapi are very dangerous for 
the hearing abilities of people, especially these noise pollutions can be occurred along 
daytime and nighttime. As shown in the results, the levels of noise in Zone 167, 168, 169, 
170, 173, 175, 176, 178, and 180, were very high, because they were located along the 
main roads, including Ladprao, Serithai and Ramkamhang Roads. These are the trunk 
routes for distributing trips in Bangkapi, thus there are a lot of traffics go through the 
areas, and they always make severe congestions, particularly in evening peak period, 
together with very noisy environments. 
 
Moreover, it was noticed that some zones occupying lower numbers of traffic indicators 
than the other zones, but when considering noise pollutions they became more severe. 
This might be because the effects of physical conditions, including road widths, distances  
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168
178
169
179
167
173
180
172
175
171
176
174
177
Very Low Level of Exceeding than the standard
Low Level of Exceeding than the standard
Medium Level of Exceeding than the standard
High Level of Exceeding than the standard
Very High Level of Exceeding than the standard
 
170
168
178
169
179
167
173
180
172
175
171
176
174
177
Very Low Level of Carbon Monoxide Emission
Low Level of Carbon Monoxide Emission
Medium Level of Carbon Monoxide Emission
High Level of Carbon Monoxide Emission
Very High Level of Vehicle-time
 
(a)      (b) 
170
168
178
169
179
167
173
180
172
175
171
176
174
177
Very Low Level of Nitrogen Oxide Emission
Low Level of Nitrogen Oxide Emission
Medium Level of Nitrogen Oxide Emission
High Level of Nitrogen Oxide Emission
Very High Level of Nitrogen Oxide Emission
 
170
168
178
169
179
167
173
180
172
175
171
176
174
177
Very Low Level of Sulfur Dioxide Emission
Low Level of Sulfur Dioxide Emission
Medium Level of Sulfur Dioxide Emission
High Level of Sulfur Dioxide Emission
Very High Level of Sulfur Dioxide Emission
 
(c)      (d) 
Figure 4.16 The existing pollution levels of (a) noise exceeding than the acceptable 
standard, (b) Carbon Monoxide emissions, (c) Nitrogen Oxide emissions, and (d) Sulfur 
Oxide emissions 
 
between roadside and building etc. For example, in Zone 169 and 173 their numbers of 
vehicle-kilometer and vehicle-delay were lesser than in Zone 177, so it represents that 
traffic conditions in Zone 177 were more congested. However, when consider noise 
pollutions, the noise level in Zone 177 was lower than the other two, as Zone 177 was 
mainly located by Ramkamhang University and sport stadium, so many open spaces were 
provided. This could help to mitigate or distribute the intensification of noise levels in 
that area. In the opposite, many buildings and shops were adjacently constructed along the 
roadsides of Zone 169 and 173, so noise levels became amplified in these zones. 
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For the air pollutions, as explained that the study focused on pollution emission from 
vehicle only, and these emission models were mainly relied on traffic flow, type of 
vehicle, and speed, therefore the quantities of air pollutions in each zone were 
significantly depend on their zonal traffic indicators. As shown the pollution levels of CO, 
NOx, and SO2, in Figure 4.16 (b), (c), (d), respectively, the patterns of existing pollution 
levels in each zone were similar to their existing levels of traffic indicators. It could be 
concluded that the zones occupying enormous traffic indicators, including vehicle-
kilometer, vehicle-travel time, and vehicle-delay, would be encumbered by a lot of air 
pollution as well (See in Zone 168, 170, and 178). 
 
Next, the selected pollution models were utilized to evaluate the pollutions generated by 
traffic conditions in each development case, afterwards they would be quantified the 
pollution impacts generated by new traffics of shopping center project. Similar to other 
impact analysis, the pollution impacts will be discussed based on single and simultaneous 
development projects.  
 
4.4.2 THE ENVIRONMENTAL IMPACTS OF SINGLE DEVELOPMENT PROJECTS 
 
The levels of pollutions in the base case and each single development case were 
compared to determine the pollution impacts that generated in each zone as illustrated in 
Table 4.24. While the total air pollution impacts were calculated by the summation of 
pollutions in each zone, total noise pollution level could be identified by the average of 
zonal noise impact levels. In the evaluation of land development alternatives, owning to 
various kinds of pollution impacts, these impacts were normalized into Table 4.25. It was 
found that Zone 179 was the best alternative based on the minimum total pollution impact 
index, 6.347. This alternative could improve traffic distributions in Bangkapi, thus traffic 
indicators were reduced and they resulted to the decreases of pollution levels as seen from 
the higher total pollution impact index in the base case, 16.263. The development 
alternative of Zone 173 could be ranked as the second choice, because of lesser pollution 
increases compared with the case of Zone 168. For overall evaluations, it was noticed that 
only few zones were significantly affected into the noise pollution increase, most of them 
were mainly imposed by the air pollution impacts, particularly for CO and NOX. Consider 
the distribution of pollution impacts normalized in the case of development project in 
Zone 179 as shown in Table 4.26 and Figure 4.17, it was found that Zone 169, 170, and 
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179 had obviously increased in the noise levels. For air pollutions, it could be seen that 
Zone 170 was increased the levels of CO, NOX, SO2 evidently, while Zone 169 was also 
increased with small amounts. The air pollution levels could be increased in other zones 
as well. For example, CO was increased in Zone 168 and 175. While NOX was highly 
emitted into Zone 175, SO2 was increased for Zone 176 and 179. Nevertheless, the level 
of SO2 was very small compared to the other pollution impacts.  
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(c)       (d) 
Figure 4.17 The normalized pollution impact distribution when project in Zone 179 for (a) 
noise pollution, (b) Carbon Monoxide, (c) Nitrogen Oxide, and (d) Sulfur Dioxide. 
 
4.4.3 THE ENVIRONMENTAL IMPACTS OF SIMULTANEOUS DEVELOPMENT PROJECTS 
 
The results of pollution impacts for simultaneous development cases can be illustrated in 
Table 4.27, and they were normalized into Table 4.28. Based on the pollution impact 
indices in Table 4.28, the best alternatives were still the implementation of shopping 
center project(s) in Zone 168 and 173 as shown by the index, 6.259. There was no doubt 
that the case of three zones implemented by three development projects should become 
the worst case, because the effects of many trip generations would generate severe 
pollution problems (see total pollution index, 16.323). The case of projects in Zone 168 
and 179 was the second, as noise and air pollution impacts were generated less than the 
results of the remaining case. To consider the patterns of pollution impact distributions 
 115
caused by implementing the project in Zone 168 and 173, the normalization process 
between the zonal impacts in the development alternative was carried out. Both 
normalized zonal impacts and impact distributions can be illustrated into Table 4.29 and 
Figure 4.18, respectively. Based on these results, it was shown that the noise pollutions 
were intensified Zone 170, 178, 179, and especially for Zone 176. The levels of CO and 
NOx in Zone 170, 175, 176, and 179 were increased. For the SO2 pollution, although its 
magnitudes of increased SO2 in each zone were minor, it was emitted noticeably in Zone 
170, 175, 176, and 180 when compared with the other zones. 
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Figure 4.18 The normalized pollution impact distribution when projects in Zone 168 and 
173 for (a) noise pollution, (b) Carbon Monoxide, (c) Nitrogen Oxide, and (d) Sulfur 
Dioxide. 
 
4.5 SUMMARY 
 
For overall comparisons, though the most favorable development alternative was not be 
obviously assessed by the integrated zonal impact analysis at this stage, but it could be 
considered that in single development cases, Zone 179 was the best location. Most people 
could easily access to Zone 179, because of all major roads approaching to the center of 
radial networks. In the opposite, for simultaneous ones the implementations in Zone 179 
and 168 or Zone 179 and 173 were not the best choice, because of the limitations of 
network capacities in these areas. Although, Zone 179 has the location advantages, but it 
also results to very crowded conditions, so only a certain additional trips can be entered 
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into the system without adverse impacts. On the other hand, the high capacities of 
expressways in Zone 168 and 170 had accommodated in effectively distributing the new 
trip attractions of Zone 168 and 173, so the congestion could be alleviated. These were 
noticed from the increases of vehicle-travel time and vehicle-kilometer in the zones that 
the expressway located, while the other zones had less quantities of traffic indicators.  
 
However, this study has some limitations of developed traffic simulation program, as it 
cannot simulate the internal trips and the effects of junction delays. When the internal 
trips in the developed zones were increased, because of higher attractiveness, it would 
reduce the number of trips going out from the zone. This made the traffic conditions in 
that zone seemed to be less congested than before, but actually not. To achieve more 
realistic impacts, the simulation program should be improved to cover the micro 
simulation level. It will be able to include the effects of internal trips and the delays at 
each intersection for the next steps of research 
 
In the assessments of travel cost impacts, land development alternatives could be 
evaluated more obviously, because all traffic impact indicators were taken into account in 
monetary term via using cost estimation models. However, these results had the similar 
implications with the results of traffic impacts, as the cost models utilized the input data 
of traffic indicators. In single development cases, Zone 179 was the best choice, owing to 
its location advantages for attracting the trips from other zones to the center of radial 
networks. The second and third were Zone 168 and 173, respectively. For simultaneous 
ones, the implementation of projects in Zone168 and 173 were the best, and the second is 
in Zone 168 and 179. Although, Zone 179 was the best alternative in single development 
case, but if many trips were generated as the results of developments in the adjacent areas, 
Zone 173 and 179, they would exceed than the capabilities of networks and create severe 
congestions in such zones. 
 
Similar to the previous impact assessments, in pollution impact evaluations, Zone 179 
was still the best alternative of single developments, and Zone 168 and 173 for 
simultaneous ones. These results were similar, because this study focuses on the traffic 
conditions in evening peak hours. During that period, traffics congestions in Bangkapi 
were very severe and spread over all study areas. This situation mainly effects to the huge 
impacts of travel distances, travel times, and delays. Particularly, these traffic impacts 
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were major inputs to assess the secondary impacts in each zone. Therefore, it was very 
possible that the results of zonal impact analysis based on traffic, travel cost, and traffic 
pollution impacts, are similar. To more obviously appraisal in the zonal impact analysis, 
the study is recommended to perform the impact assessment into the off-peak period, so 
that the specific characteristics in each zone can evidently demonstrate their influences on 
the zonal development impacts. 
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CHAPTER 5 
PUBLIC PREFERENCES ON ZONAL DEVELOPMENT 
IMPACTS 
 
To design an optimum development plan alternative based on the communities’ 
preferences, the ZIA model intends to capture the preferences or willing nesses of public 
towards impacts generated by development project. When the development project is 
introduced into an area, it can create both positive and negative impacts. Sometime, while 
the resident in the developed area gain the advantages from the project, the people in 
other areas may indirectly suffer from its disadvantages. This is unfair for the 
stakeholders who do not directly earn the benefits of project, but they are unavoidably 
imposed such social costs. The areas that severe negative impacts imposed, but their 
living people have low willingness to be inflicted the impacts, are identified as the 
sensitive areas. In addition, these public preferences are also very useful information for 
planners in effectively providing a development impact mitigation plan. This chapter 
intends to determine the preferences of Bangkapi communities towards development 
impacts, including economic and environmental impacts. At the beginning, to collect the 
preferences of people in the study area, the designs of questionnaire and data collection 
methods were conducted. After data verifications, these data were analyzed to investigate 
the attitudes and perceptions of people. The details of analysis results were discussed 
section by section in order to provide the comprehensive inferences.  
 
5.1 DESIGNS OF QUESTIONNAIRE AND DATA COLLECTION 
METHOD 
 
In order to properly design the questionnaire and data collection techniques, it is 
necessary to understand that new traffics generated land developments will affect to 
whom, called stakeholders. After identifying stakeholders, the suitable questionnaire and 
data collection methods can be designed. The procedures of questionnaire design, data 
collection techniques, and analysis methods are demonstrated in Figure 5.1, and their 
details are described in the followings.  
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Figure 5.1 The procedures of public preference determination  
 
5.1.1 IDENTIFICATION OF STAKEHOLDERS 
 
Because the study focuses on the secondary impacts of air and noise pollutions for 
environmental issues, and travel time and travel costs for economic ones, therefore 
stakeholders or people probably affected could be separated into three groups, consisting 
of residents, commuters, and visitors. There was no doubt to include residents as the 
stakeholders, because the impacts directly affect to their diary lives whenever a project 
established in their areas. For the commuters, although they do not live in the developed 
area, but they have to go in and go out almost everyday, so the impacts on the networks of 
those places can significantly influence their regular trips. The visitors were included into 
the study, as the communities in each area need to interact each other like social activities, 
so people from other places should be concerned to provide their convenient travels.  
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5.1.2 QUESTIONNAIRE DESIGN 
  
Based on the framework, the goal of study is to investigate the public perception towards 
development impacts in Bangkapi areas. To do so, the closed-end and open-ended 
questions, yes-no questions, and Analytic Hierarchy Process (AHP) method were applied 
into the study. The questionnaire was designed to collect the data and preferences of 
people. The structure of questionnaire, including types, contents, and objectives of 
questions, can be shown in Figure 5.2. The closed-end questions were applied to ask 
respondents to answer among provided choices, these questions concern about the 
perceptions of people towards congestions due to inefficient land use controls, pollution 
problems caused by traffic congestions, the identification of acceptable maximum level of 
travel cost and pollution impacts, travel behaviors, and socio-economic data. The open-
ended questions were suitable for inquiring the locations of severe congestion and 
pollution problems and some personal travel behaviors and characteristics. 
 
The yes-no questions were utilized to measure the value senses of public towards 
transportation and environmental issues in their communities. The value sense is defined 
as the level of importance for each social issue that the public think of. This can help to 
identify that what is the valuable matter in the present society and the planners should 
keep it in mind to provide the corresponding plan for the public needs. The levels of value 
sense of people were separated into five levels, including awareness, agreement, 
participation, action, sacrificial levels. These levels were ranked from the lowest to 
highest value sense as shown in an example for measuring public value senses on 
transportation issues in Table 5.1. The value sense level of a respondent is the last level 
that he or she answers “Yes”, before answering “No” at the first time. However, if the 
respondent answers “No” at the first question, it means that he or she does not even know 
that there are such problems in their areas or not. It was called as “no awareness of 
problems”.  
 
The AHP method was employed to compare the weights between government and 
community, among resident, commuter, and visitor stakeholders, between economic and 
environmental impacts, and between travel cost and pollution impacts, respectively. The 
weights of government and community also indicate the level of public participation in 
the city planning of Thai society. Furthermore, the weights of importance of economic 
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and environmental impacts are useful for countercheck with the perception of 
communities towards travel cost and pollution impacts generated by development project. 
In this study, to obtain the suitable questionnaire, two pilot surveys were conducted for 
the questionnaire revisions. The final version of questionnaire is demonstrated in 
Appendix B. 
 
 
Figure 5.2 The structure of questionnaire design 
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Table 5.1  The measure of public value senses on transportation issue 
No. Level Questions Yes No 
1 Awareness Can you realize some transportation problems in these areas?   
2 Agreement Do you think those transportation problems are urgent to be solved?   
3 Participation To solve those transportation problems, if the government needs to ask for your helps, “Do you want to participate?”   
4 Action 
Although there is no any project from the government to solve those 
transportation problems, “Do you try to solve or relieve the problems by 
yourself?” 
  
5 Sacrificial If the government needs to ask for your financial supports to solve those transportation problems, “Can you pay for that?”   
 
5.1.3 DATA COLLECTION METHOD 
 
As the objective of surveys is to determine the public attitudes, and estimate the 
acceptable levels of maximum development impacts, for each community in Bangkapi 
areas, the respondents should be collected from every zone in the study areas. To deal 
with this requirement, the study separated the data collection into two levels. In the first 
level, the cluster sampling method was applied to classify the whole study areas into 14 
zones as same as the boundaries of existing transportation planning databases. For the 
second, as it was assumed that the insides of zones are homogeneous, so the random 
sampling method was employed for collecting data. To calculate numbers of samples 
from each zone, the income of people in Bangkapi was assumed to represent their 
characteristics and attitudes. The income data of other previous studies in Bangkapi areas 
was utilized to estimate the required numbers of samples (N) by using Eq. (5.1). 
 
2
2
1


 ×=
− E
ZN σα     Eq. 5.1 
When N = Number of required samples 
σ = Standard variation of incomes of people 
E = Standard errors of incomes of people, here used 2000 Baht. 
α = Level of significance, here used 0.05. 
Z = Z-value at 0.05 level of significance, 1.645. 
 
Because the priorities of all stakeholder groups are assumedly equal at the first stage, so 
the total required samples in each zone were divided by three to get the required samples 
of each stakeholder group for each zone. For data collection method, the interview 
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surveys were employed for resident and visitor groups, and the questionnaire surveys 
were utilized to gather from commuters. Totally, there were 1,450 questionnaires 
distributed, and eventually the number of returned questionnaires was 1,064 
questionnaires, or about 73.38 %. However, after the data preliminary verification and the 
consideration of consistency ratio in the AHP analysis, only 972 samples could be used as 
the final samples or about 91.35 % of obtained total samples. The details of required and 
obtained sample of each zone are illustrated in Table 5.2. 
 
Table 5.2 Number of samples (person) in the questionnaire surveys. 
Samples in Stakeholder Groups 
Zone Populations Required Samples 
Obtained 
Samples Residents Commuters Visitors 
Final 
Total 
Samples 
167 58,219 66 90 30 26 29 85 
168 47,268 54 79 24 25 22 71 
169 46,211 51 84 23 26 24 73 
170 28,370 33 60 18 17 21 56 
171 2,753 6 15 4 4 4 12 
172 17,897 21 54 10 10 26 46 
173 47,712 54 95 26 22 42 90 
174 18,150 21 51 16 15 14 45 
175 68,941 78 135 30 41 58 129 
176 60,723 69 143 30 30 68 128 
177 2,475 3 38 4 4 27 35 
178 36,684 42 111 20 20 69 109 
179 38,201 42 79 21 19 29 69 
180 10,000 12 30 11 8 5 24 
Total 483,604 552 1,064 267 267 438 972 
 
5.2 THE ANALYSES OF SURVEY RESULTS 
 
This part aims to demonstrate the analyses of survey results. In order to understand the 
background of communities, their public perceptions and attitudes on the value sense for 
the social issues, including transportation and environment, were analyzed, and then the 
relationships between land uses and traffic congestions, and between congestions and 
pollutions, were included into the next analyses. As two conditions might be occurred in 
the study, firstly each community in each zone may have different perceptions and 
preferences, and secondary among stakeholder groups they may perceive the same 
matters in the different ways. Therefore, the study applied the tests of independences by 
Chi-squared Tests (χ2-Tests) to examine both conditions. In these analyses, the frequency 
distributions of answers by respondents are illustrated in the percentage formats in a zone 
or in a stakeholder group. This aims to eliminate the effect of different sample sizes. The 
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AHP method was employed to determine the public judgments towards land development 
controls, development impacts, and concerned stakeholders. Moreover, both χ2-Tests and 
cluster analyses were utilized to clarify the influences of stakeholder groups and the zonal 
conditions. The last analysis was dedicated to find out the acceptable levels of maximum 
development impacts of communities by considering for stakeholder groups and zones. 
These results can be explained in the following sections. 
 
5.2.1 THE PUBLIC VALUE SENSES ON TRANSPORTATION AND ENVIRONMENTAL ISSUES 
 
The analyses of survey results for public value senses on transportation and 
environmental issues can be demonstrated in Figure 5.3 and 5.4, respectively. To test the 
independences of public value senses and zones and stakeholder groups, the hypotheses 
were set up and tested as shown in Table 5.3.  
 
 
(a) 
 
(b) 
Figure 5.3 The distributions of public value senses on transportation issues (a) based on    
the zone-base analysis, (b) based on the stakeholder-base analysis. 
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(a) 
 
(b) 
Figure 5.4 The distributions of public value senses on environmental issues (a) based on 
the zone-base analysis, (b) based on the stakeholder-base analysis. 
 
Table 5.3 Tests of independences of public value senses for each zones and stakeholders 
Issue Analysis Base Hypothesis (H0) 
Asymp. 
Sig. 
Testing 
Result 
Zone-Base The public value senses on transportation issues is independent from the zones. 0.000 Reject H0 Transportation 
Issues Stakeholder-Base 
The public value senses on transportation 
issues is independent from the 
stakeholder groups. 
0.000 Reject H0 
Zone-Base The public value senses on environmental issues is independent from the zones. 0.000 Reject H0 Environmental 
Issues Stakeholder-Base 
The public value senses on environmental 
issues is independent from the 
stakeholder groups. 
0.000 Reject H0 
 
From Figure 5.3 (a) and 5.4 (a), the public value senses on environmental problems were 
obviously higher than on transportation ones. Most people in many zones (30-55 %) 
reached the sacrificial level that they can donate some money to relieve the environmental 
problems. This represents that the public gave more importance on environmental issues, 
because it can effect to their health directly. However, if consider other levels, it was 
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found that the proportions of people from the level of recognizing problems until taking 
actions to solve them in the transportation issues were slightly higher than another. This 
means that even though communities gave more values on environmental matters, but 
they did not seriously recognize them. The reason might be that the consequences of 
environmental problems are the cumulative effects. They will not show the diseases 
immediately, but gradually affect to human lives. In the opposite, the transportations can 
obviously influence people’ live styles day by day, and make their trips trouble. As a 
result, most people can realize such transportation problems, and paid more attention to 
solve them. In addition, the people know that if transportation problems, especially for 
traffic congestions, are alleviated, then the environmental problems can be partially 
relieved also. 
 
For the results of independence tests, it was found out that the public value senses of both 
transportation and environmental matters were depend on the zones, as their values of 
Asymptotic Significance (Asymp. Sig.) from the χ2-Tests were equal to 0.000 that less 
than the considered significance (α), 0.05, so the null hypotheses had to be rejected as 
shown in Table 5.3. These explain that people in different zones will perceive 
transportation and environmental conditions in the different ways. It was noticed that in 
the less crowded zones, such as the low dense residential areas like Zone 171 and 180, the 
percentages of no awareness level were quite high, about 50% and 35% respectively, 
because most people did not realize any transportation or congestion problems. The no 
awareness levels towards environmental issues in both zones were also visibly higher 
than the others, because there were no severe congestions in these zones, so their 
communities could not sense any pollution troubles or other environmental problems. 
These were quite dissimilar in very crowded zones, for example Zone 173,174,175, and 
178. Because of occurred severe traffic congestions in these commercial areas, their 
communities definitely aware the transportation and environmental problems.  
 
Based on the stakeholder-base analysis, it also represents the same facts. All stakeholder 
groups gave the most importance for the environmental issues. About 40% in residents 
and commuters, and 45% of visitors could donate their money for solving the 
environmental problems, while 33% in all groups could reach the sacrificial level for 
transportation issues. Again for the other levels of public value senses, most stakeholders 
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paid more slightly attentions on transportation problems as shown in Figure 5.3 (b) and 
5.5 (b). In the independence tests, it was found out that both value senses were influenced 
by stakeholder groups, because of null hypothesis rejections. Similar to the zones, 
different stakeholder groups can value the transportation and environmental issues in 
different perceptions. The proportions of no awareness level for the transportation and 
environmental problems in residents and commuters were quite higher than in visitors, the 
reason probably was that both former groups get used to such problems in their areas, so 
they could not realize the problems more significantly than the people who occasionally 
visit their places and clearly perceive the different situations from the other places in the 
city areas. This was obviously shown by the high percentages of awareness level in visitor 
group. 
 
5.2.2 THE PUBLIC OPINIONS ON TRAFFIC CONGESTION AND LAND DEVELOPMENTS: 
CAUSE AND CONSEQUENCE 
 
To determine the public opinions about ineffective land development controls causing 
traffic congestion and pollutions caused by congestions, the respondents were asked to 
answer one of provided answering choices, including strongly disagree, disagree, not sure, 
agree, and strongly agree. The percentage distributions of opinions based on zones and 
stakeholders for both focuses are demonstrated in Figure 5.5 and 5.6, respectively.       
 
In Figure 5.5 (a), it is obvious that most of respondents, about 70%-80%, agreed or 
strongly agreed that lack of effective land use control in Bangkapi areas considerably 
cause to the traffic congestion problems. Only in the zones that low densities of activity 
areas, particularly in residential Zone 171 and 180, their portions of people who disagree 
(15%) were slightly higher than the other zones that their proportions less than 10%. The 
reason might be that their living conditions are not crowded compared with the areas of 
activity centers, so they do not realize the consequences of sprawl urban developments. In 
the stakeholder-base analysis in Figure 5.5 (b), it also represents the same results. Most 
stakeholders agreed that one of congestion causes is uncontrolled land usages. However, 
when consider the testing results of χ2-Tests in Table 5.4, it was discovered that the 
public opinions on ineffective land use controls creating traffic congestions were relied on 
stakeholders, but not relied on zones. It means that most people could recognize that 
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without effective land use controls, traffic congestion will be generated in any zones of 
the study areas, but they might perceive the influences of land use control measures in the 
different viewpoints of each stakeholder group. Due to the lower number of respondents 
who agreed or strongly agreed, it was known that the residents had less confidence to 
believe that lack of land use planning causes to congestions, while the other two had 
higher. It might be because the residents were already familiar with the mixed land usages, 
so they could not recognize that those uncontrolled activities create the congestion in their 
areas.  
 
 
(a) 
 
(b) 
Figure 5.5 The distributions of public opinions on traffic congestion caused by 
ineffective land use controls (a) based on the zone-base analysis, (b) based on the 
stakeholder-base analysis. 
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(a) 
 
(b) 
Figure 5.6 The distributions of public opinions on pollution problems caused by traffic 
congestions (a) based on the zone-base analysis, (b) based on the stakeholder-base 
analysis. 
 
Table 5.4 Tests of independences of public opinions for each zones and stakeholders 
Issue Analysis Base Hypothesis (H0) 
Asymp. 
Sig. 
Testing 
Result 
Zone-Base 
The public opinions on ineffective 
land use controls and traffic 
congestions are independent from the 
zones. 
0.066 Accept H0 
Ineffective Land 
use controls and 
traffic congestions 
Stakeholder-Base 
The public opinions on ineffective 
land use controls and traffic 
congestions are independent from the 
stakeholder groups. 
0.000 Reject H0 
Zone-Base 
The public opinions on traffic 
congestions and pollution problems 
are independent from the zones. 
0.029 Reject H0 
Traffic 
congestions and 
pollution problems Stakeholder-Base 
The public opinions on traffic 
congestions and pollution problems 
are independent from the stakeholder 
groups. 
0.600 Accept H0 
 
For the pollution problems generated by congestion in Figure 5.6, the results show that 
more than 90% of respondents in every zone or stakeholder group strongly agreed or 
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agreed that traffic congestion problems generate the environmental pollutions as the 
consequences. However, based on the hypothesis testing, the assumption that public 
opinions on this focus are independent from zones was rejected, so it was explained that 
the samples from different zones would understand the pollution problems caused by 
traffic congestions in different ways, but the samples from different groups would not. 
About 45% to 55% of all stakeholder groups strongly agreed that one of major pollution 
sources is traffic, and the second portions just agreed on that. Although, this second 
portion in visitor groups was lower than in another two, but it was statistically 
insignificant. In addition, it was found out that in the zones of activity centers, including 
167, 173, 175, and 178, their communities have experiences with the pollutions generated 
by congestion almost everyday, thus they confidently agreed on it. This point was also 
occurred in Zone 172. Even though, it was a residential area, but due to the new main 
roads just located in this area, so many though traffics were created. The residents in Zone 
172 could identify the traffic pollutions. In the other zones, the confidences of samples in 
answering seemed to be reduced a little, as the percentages of “strongly agree” were 
decreased, but increased for “agree”. These zones could be noticed that they are 
residential areas without severe congestions, so their appreciations for traffic pollutions 
were less than the people in commercial areas. 
 
5.2.3 THE AHP AND CLUSTER ANALYSES OF PUBLIC JUDGMENTS ON DEVELOPMENT 
IMPACTS 
 
Because there were two types of analysis bases, including zone-base and stakeholder-base 
analyses, so the AHP results were separately discussed into two parts as well. Moreover, 
four AHP analyses were conducted based on the judgments on the significant roles of 
government and communities, on the importance of stakeholder groups, on the 
importance of impact mitigation targets, and on the importance of impacts generated by 
land developments, respectively. To develop the judgment matrices, the geometric means 
were utilized to average the judgmental data for each analysis case as shown in Eq. (5.2). 
 
n
n
G
n XXXXX ×××= L321    Eq. 5.2 
 
When GnX  = The geometric mean of n sample data 
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G
nX  = The geometric mean of n sample data 
    n   = Number of samples 
 
The obtained geometric means were employed to calculate the priorities of each AHP 
component in the AHP structures. The AHP structure in Figure 5.7 (a) aims to determine 
that for implementing land use control measures which one should be more focused, 
between minimizing environmental and economic impacts. In Figure 5.7 (b), the AHP 
structure was developed to investigate that for the development impact mitigations, 
between travel cost impacts consisting of travel time and travel cost increases and 
pollutions impacts including noise and air pollutions, which one should be more seriously 
mitigated for the communities. To prioritize each AHP component in the individual and 
group judgments, the AHP computation processes were programmed by MATLAB 
Version 5.1, and applied for the judgment data in this research. The analysis results and 
details of discussions can be individually discussed for zone and stakeholder-base 
analyses. 
 
  
        (a)                 (b) 
Figure 5.7 The AHP structure for the analysis (a) of targets of land development controls, 
(b) of concerned impacts in the mitigation plan. 
 
The AHP results in the zone-base analysis. 
 
As the study intends to determine the influences of zonal characteristics on the public 
judgments, the average values of judgment matrices for each zone were estimated and 
applied to evaluate the weights of concerned elements in the AHP structure. Furthermore, 
the independence test and cluster analysis were utilized to determine the relationships 
between zones and their priorities of AHP elements. 
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The significant roles of government and community for land development controls 
 
The public judgments on the significant roles of government and community in 
implementing land development control measures for each zone can be illustrated in 
Figure 5.8 (a). It was very obvious that most stakeholder in every zone strongly agreed 
that in Thai societies, the government is chiefly responsible for controlling land usages as 
their duties. This represents the same facts in other researches, they have pointed out that 
though the planners have tried to promote the importance of communities in the urban 
planning process, but most people still do not seriously realize their responsibilities for 
any social issues [Limapornwanitch, et al., 2003]. Nonetheless, their judgment weights 
were included into the χ2-Tests as shown in Table 5.5, and the null hypothesis was 
rejected to inform that samples from different zones would give different judgments on 
the roles of government and community. To understand this point, the cluster analysis 
was conducted by using Centroid Clustering with Euclidean Distance as illustrated in 
Figure 5.8 (b). 
 
There were three clusters created in this analysis, Group 1, 2, and 3. The first group 
included Zone 172,174, and 179, while the second had Zone 169, 170, 175, 176, 178, and 
180. The last one consisted of Zone 167, 168, 171, 173, and 177. It was noticed that 
Group 3 was the group that their government priorities were visibly higher than the others, 
it might be because most existing land developments, including private’s and 
government’s projects, are large scales, such as establishing Ramkamhang University in 
Zone 177, implementing a shopping center in Zone 173. These projects are beyond the 
public understanding, so the samples considered that the government should be 
responsible for controlling such land developments. Moreover, in Group 2 the people 
gave slightly higher priorities to the government, and their community weights were 
higher than in other zones a little. The reason might be that in these zones there are some 
available spaces for any development projects, so the public want to have more 
significant roles in land development controls for their own communities.  
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(b) 
Figure 5.8 The public judgments on the significant roles of government and communities 
for land development controls (a) the AHP priority results for the zone-base analysis, (b) 
the cluster analysis of the priorities from each zone. 
 
Table 5.5 Tests of independences of AHP judgment for each component and zones 
No. AHP Judgment Hypothesis (H0) 
Asymp. 
Sig. 
Testing 
Result 
1 
The significant roles 
of government and 
community 
The public judgments on the significant roles 
of government and communities for land 
development controls are independent from 
the zones. 
0.000 Reject H0 
2 The importance of stakeholder groups  
The public judgments on the importance of 
stakeholder groups for impact mitigations are 
independent from the zones. 
0.035 Reject H0 
3 
The importance of 
impact mitigation 
target  
The public judgments on the importance of 
impact mitigation targets for land development 
controls are independent from the zones. 
0.117 Accept H0 
4 The importance of generated impacts  
The public judgments on the importance of 
impacts generated by land developments are 
independent from the zones. 
0.958 Accept H0 
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The importance of stakeholder groups for impact mitigations  
 
This section focuses on the judgments of public on the importance of stakeholders. The 
AHP results are shown into Figure 5.9 (a), and they were interpreted that most 
respondents in each zone agreed on that the residents should be reserved as the first 
priority to get the benefits from the development impact mitigations, and the commuters 
and visitors were the second and third, respectively. In the further analysis of Table 5.5, it 
showed that the zones could affect to priorities of stakeholder groups, so their weights and 
zones were entered into the cluster analysis as demonstrated in the ternary graph of Figure 
5.9 (b). 
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(a) 
 
Group 1 
Group 2 
 
(b) 
Figure 5.9 The public judgments on the importance of stakeholder groups for impact 
mitigations (a) the AHP priority results for the zone-base analysis, (b) the cluster analysis 
of the priorities from each zone. 
 
As the results, two clusters of zones could be developed. Group 1 included Zone 167, 168, 
172, 173, 174, 175, 178, and 179, and Group 2 covered Zone 170, 176, and 177. Based on 
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these two clusters, it was noticed that the first group ranked the priorities of residents very 
high. This might be because they are residential areas, so they really want to protect 
themselves from the impacts of land developments. For another, the zones occupy very 
good transportation systems, including expressways and main roads, so many people 
travel through these areas for their regular trips. Eventually, most people concern that 
commuters should mainly obtain benefits of impact mitigations, so they requested 
planners to provide the advantages for the commuter group as shown by its higher 
priorities in these areas. By the way, the remains consisting of Zone 169, 171, and 180 did 
not perform any obvious characteristics that could be useful for the interpretation. 
 
The importance of impact mitigation targets for land development controls 
 
For this analysis, the respondents were asked to judge that what kinds of development 
impacts, between minimizing travel cost and travel time, called “Economic Impacts”, and 
minimizing air and noise pollution, called “Environmental Impacts”, should be mainly 
focused for selecting the land use control measures. As shown in Figure 5.10 (a), most 
people in each zone obviously preferred to focus on mitigating environmental impacts 
more than on the economic ones. Only in Zone 172, 177, 179, 180, their economic were 
quite high compared to the other zones. For Zone 172, 179, and 180, as they are the low 
dense residential areas with low income people, so most stakeholders in these zones 
concerned more seriously about diminishing economic impacts. At the same time, the 
spaces in Zone 177 are mainly devoted for Ramkamhang University, most people in this 
area are students and workers, very few for residents, therefore they did not fully pay 
attention to the living environments in the zone, but would consider about monetary 
impacts more seriously. However, these zonal characteristics did not significantly 
influence the public judgments as shown in Table 5.5. In the cluster analysis, most 
priorities of economic and environmental impacts were grouped into the middle as 
illustrated in Figure 5.10 (b), they did not obviously show any characteristics of zonal 
groups. It was concluded that no effects of zones in the public judgments on the 
importance of economic and environmental impacts. 
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(b) 
Figure 5.10 The public judgments on the importance of impact mitigation targets for land 
development controls (a) the AHP priority results for the zone-base analysis, (b) the 
cluster analysis of the priorities from each zone. 
 
The importance of impacts generated by land developments 
 
The question in this analysis emphasized on the specific levels of development impacts. 
The respondents were inquired that if a development project established in their areas, 
and creates some negative impacts, including increases of travel costs and of pollution 
levels, which one should be mainly relieved for their communities. Again, most of them 
in every zone preferred to let the planner alleviate the pollution impacts as same as the 
targets of selecting land development control measure in the previous section. The 
priorities of pollution impacts that should be mitigated in all zones were higher than 0.60 
as shown in Figure 5.11 (a). These weights were not noticeably different, and not depend 
on the zones, because of null hypothesis rejection in Table 5.5. In addition, for the cluster 
analysis in Figure 5.11 (b) most of the weights in each zone were located in the bottom-
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left corner of the figure, this also informs that the pollution and travel cost weights from 
these various zones could not be categorized by any local characteristics.  
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(b) 
Figure 5.11 The public judgments on the importance of impacts generated by land 
developments (a) the AHP priority results for the zone-base analysis, (b) the cluster 
analysis of the priorities from each zone. 
 
The AHP results based on the stakeholder-base analysis 
 
Similar to the zone-base analysis, the average values of judgment matrices in each 
stakeholder group had to be developed to be utilized in the AHP analyses. All AHP 
results of stakeholder-base analysis can be illustrated in Figure 5.12. Nevertheless, the 
cluster analysis was not included in this part of study, because of small numbers of 
stakeholder groups, only the independence test was employed to investigate their 
relationships as shown in Table 5.6. 
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The significant roles of government and community for land development controls 
 
As seen from Figure 5.12 (a), most samples expected the government to play more 
significant role than the community in planning and controlling land developments in 
Bangkapi areas. The government’s weights in residents and visitors were higher than 0.60, 
while the commuters’ one was slightly lower than that. This difference has the statistical 
significance as shown in the χ2-Tests of Table 5.6, the null hypothesis was rejected to 
indicate that the characteristics of stakeholders have the effects on their judgments. The 
increase of community’s weight in the commuter group might be because most 
commuters realize that any measures or plans in managing land developments and 
mitigating negative impacts, especially for traffic impacts, are able to directly or 
indirectly affect to them. Therefore, they wanted to participate in identifying the 
directions of land developments and controls. In contrast, the other groups do not travel 
often, so they did not fully pay attention to this issue, and felt free to let the government 
to plan for their communities. 
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(c)               (d) 
Figure 5.12 The AHP priority results in the stakeholder-base analysis (a) on the 
significant roles of government and communities, (b) on the importance of stakeholder 
groups, (c) on the importance of impact assessments, and (d) on the importance of 
impacts generated by land developments. 
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Table 5.6 Tests of independences of AHP judgment for AHP elements and stakeholders 
No. AHP Judgment Hypothesis (H0) 
Asymp. 
Sig. 
Testing 
Result 
1 
The significant roles 
of government and 
communities 
The public judgments on the significant roles of 
government and communities for land 
development controls are independent from the 
stakeholders. 
0.014 Reject H0 
2 The importance of stakeholder groups  
The public judgments on the importance of 
stakeholder groups for impact mitigations are 
independent from the stakeholders. 
0.000 Reject H0 
3 
The importance of 
impact mitigation 
target  
The public judgments on the importance of 
impact mitigation targets for land development 
controls are independent from the stakeholders. 
0.013 Reject H0 
4 The importance of generated impacts  
The public judgments on the importance of 
impacts generated by land developments are 
independent from the stakeholders. 
0.000 Reject H0 
 
The importance of stakeholder groups for impact mitigations 
 
The AHP results of this section are illustrated in Figure 5.12 (b). It was found that the 
public judgments were clearly influenced by stakeholder groups, particularly in Table 5.6 
the independence test also gave the same outcome. Different stakeholder groups would 
differently weight the priorities of stakeholders. In the residents and commuters, they 
preferred to provide more priorities for themselves. The residents cited that they have to 
live there for all the time, so the applied measures should mainly give the advantages to 
them, while the commuters argued that they must go into and go out from the study areas, 
so they often face such negative impacts, including congestions and pollutions, so more 
benefits should be reserved for them chiefly. For the visitors, although their weights were 
quite low as prioritized by the other two groups, but they tried to keep their own benefits 
and the higher priority as well. Nonetheless, the visitors agreed to give the highest weight 
to the residents. 
 
The importance of impact mitigation targets for land development controls 
 
The public judgments on impact mitigation targets for land development controls are 
shown in Figure 5.12 (c) and its χ2-Test is in Table 5.6, respectively. There was no doubt 
that different stakeholder groups can perceive the importance of targets dissimilarly, 
especially when the null hypothesis of the test was statistically rejected. It could be 
noticed that while the residents and commuters, who must be related with the developed 
areas everyday, concerned more seriously about minimizing environmental impacts, due 
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to their health protections, the visitor would pay more attentions to reducing their costs or 
economic impacts, as they do not visit the developed so often, thus they do not need to 
think about the living environments, but the money that they have to pay is more critical. 
These were represented by the weights of environmental impacts were about 0.60 in 
residents and commuters, but it became 0.45 in the visitor group. 
 
The importance of impacts generated by land developments 
 
For the AHP results of importance of impacts of land developments, it is illustrated in 
Figure 5.12 (d), and their relationships with the stakeholder groups were determined in 
Table 5.6. As expected, most of stakeholders paid more importance for relieving pollution 
impacts than for travel cost impacts. However, it was proved that there was the influence 
of stakeholder group in the judgments. Again, both residents and commuters gave more 
priorities for pollution impacts, 0.672 and 0.654, respectively. This weight was reduced to 
about 0.610 in visitors. The reason of this characteristic was the same in the previous 
section. Most visitors concern about their pocket money more seriously than the other 
groups. 
 
5.2.4 THE IDENTIFICATION OF ACCEPTABLE MAXIMUM NEGATIVE IMPACT LEVEL 
THROUGH PUBLIC PREFERENCES 
 
From the surveys, the distributions of acceptable levels of maximum travel cost and travel 
time impacts for the public in each zone and stakeholder group can be demonstrated in 
Figure 5.13 and 5.14, respectively. It was found that about 45%-60% of people had 
willingness to pay additionally only for the lowest cost, less than 21 Baht, as shown in 
Figure 5.13 (a). This is very common, as usually everyone wants to pay money for his or 
her direct benefits only. Particularly in residential zones like Zone 171 and 172, the 
communities really wanted to pay only the lowest one, so the proportions of other ranges 
were quite low. In the stakeholder-base analysis, most stakeholders also wanted to pay at 
the lowest. The results of independence tests for acceptable travel cost and travel time 
increases can be demonstrated in Table 5.7. The results showed that the acceptable levels 
of travel cost impacts were not influenced by zones and stakeholders. This is very 
reasonable, as generally no one in anyplace or any group wants to pay a lot for other 
people or something that they not directly earn the advantages. If they have to pay, most 
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of them will pay at the minimum. In Figure 5.13 (b) it might be noticed that the 
commuters could pay slightly higher than the other groups, as shown in the upper 
percentages of 21-40 Baht. As this stakeholder group had to commute to their working 
places almost everyday, they could not avoid the more congested situation created by any 
new development project, therefore they had more willingness to pay for increased travel 
costs. Moreover, the percentages of the high cost levels, more than 61 Baht, for visitors 
were more than another two groups, as they did not travel to the studied areas often, so 
they could pay for extremely increased costs. However, there were no any significant 
relationships between acceptable cost impact levels and zones or stakeholder groups. 
 
 
(a) 
 
(b) 
Figure 5.13 The distributions of acceptable maximum travel cost impacts generated by 
land developments (a) based on the zone-base analysis, (b) based on the stakeholder-base 
analysis. 
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(a) 
 
(b) 
Figure 5.14 The distributions of acceptable maximum travel time impacts generated by 
land developments (a) based on the zone-base analysis, (b) based on the stakeholder-base 
analysis. 
 
Table 5.7 Tests of independences of acceptable impact levels for zones and stakeholders 
Issue Analysis Base Hypothesis (H0) 
Asymp. 
Sig. 
Testing 
Result 
Zone-Base 
The acceptable levels of maximum travel 
cost impacts of the public are independent 
from the zones. 
0.076 Accept H0 
Travel Cost 
Impact 
Stakeholder-Base 
The acceptable levels of maximum travel 
cost impacts of the public are independent 
from the stakeholders. 
0.184 Accept H0 
Zone-Base 
The acceptable levels of maximum travel 
time impacts of the public are independent 
from the zones. 
0.204 Accept H0 Travel 
Time 
Impact Stakeholder-Base 
The acceptable levels of maximum travel 
time impacts of the public are independent 
from the stakeholders. 
0.041 Reject H0 
 
In Figure 5.14, it was noticed that most people in any zones had more willingness to loss 
their time than to pay some money. Definitely, the high percentages were dedicated for 
“less than 16 min.”, but the level of “16-30 min.” occupied vast percentages of samples in 
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any zones and in any groups as well. Based on the χ2-Tests in Table 5.7, it was found that 
the acceptable levels of travel time impacts for each community were independent from 
the zones, but depend on groups of stakeholders. Consider Figure 5.14 (a), the majorities 
did not want to additionally invest their travel time longer than 30 min. in each zone and 
stakeholder group. Nonetheless, some different characteristics of stakeholders could be 
perceived through Figure 5.14 (b). Most residents had the lower levels of acceptable 
travel time impacts, as they mainly chose to loss “less than 16 min.”, while large portions 
of commuters and visitors could loss “16-30 min.”. The reason might be because the 
residents are not familiar with traveling, especially for long trips, so they do not want to 
loss their time too much. On the contrary, both commuters and visitors have more 
experiences for traveling in Bangkok, thus they can accept more congested conditions 
with spending a lot of travel time.  
 
By considering both travel cost and travel time impacts, it can be summarized that the 
acceptable levels of these development impacts were not influenced by zones. Particularly 
for travel costs, as it is common sense that people will pay the additions as lowest as 
possible. The same finding was noticed from the travel time impacts, they want to waste 
their time at the minimum. These characteristics were occurred, because the traffic 
congestion is spread over for the whole Bangkok city, the respondents can face the same 
problem in everyplace, not depend on the locations. For the stakeholder-base analyses, 
only travel time impacts were depend on the group, this is because the willingness to 
invest travel time is also effected by the stakeholders’ travel behaviors. The commuters 
and visitors getting used to traveling can spend more time, while the residents cannot. 
From these points, the average values of acceptable development impact levels could be 
estimated. The average of acceptable travel cost for whole study areas and all stakeholder 
groups was 24.69 Baht/trip. The average of acceptable travel time for whole study areas 
was 23.35 min/trip, and for stakeholder groups of residents, commuters, and visitors were 
22.16 min/trip, 23.74 min/trip, and 23.84 min/trip, respectively. 
 
5.3 SUMMARY 
 
This chapter discussed about the public perceptions towards land developments, focusing 
on environmental and economic impacts, based on the zonal impact analysis approach. In 
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this approach, the investigations of public preferences have to be conducted zone by zone 
in order to determine and perceive the characteristics and preferences of each community. 
The statistical and multivariate analysis methods, including independence tests with χ2-
Tests and cluster analyses, and the Analytic Hierarchy Process (AHP) method were 
utilized. It was found that the public gave more value sense on the environmental issues. 
However, they more recognized about transportation problems in the society, as it can 
directly effect to their regular activities. Both the conditions of zones and travel behaviors 
of stakeholders could influence their value sense on environmental and transportation 
matters. Most people really agreed that lack of effective land development controls is one 
of main causes for severe traffic congestion in Bangkapi. This consideration was 
independent from the zones, but up to groups of stakeholders. These points were 
dissimilar from the opinions on environmental pollutions caused by congestion. Although, 
most respondents agreed that traffic congestion is a main pollution source, but this 
opinion was not depend upon stakeholder groups. It was discovered that the living 
conditions of samples can interrupt their opinions about the traffic pollutions. People in 
very crowded zones more seriously realized the problem than the ones in low dense areas.     
  
By using the AHP method, it was obvious that most communities still want the 
government to take main responsibilities in managing urban growths. For the importance 
of stakeholder groups, people ranked the residents, commuters, and visitors, respectively, 
and these judgments were influenced by zones and stakeholders. To evaluate targets of 
land development controls, most people wanted the planners to mainly minimize negative 
environmental impacts as well as to mitigate the negative impacts of development project 
in their communities. However, their judgments could be influenced by stakeholder 
groups. In determining the acceptable levels of maximum travel cost and travel time 
impacts, it was found out that many respondents in each zone wanted to loss only “less 
than 21 Baht/trip” and “less than 16 min/trip” without any concerns of zones. Only 
wasting travel time could be effected by stakeholders.  
 
Base on these analysis results, some useful hints of strategic planning in land 
developments controls for Bangkapi areas can be found out. As can be seen that most 
perceptions of communities were independent from the zones, but depend on the 
stakeholders, hence the planners in Bangkok are recommended to provide two levels of 
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planning, including overall area level, and specific area level. In the overall area level, the 
strategies or measures of land use controls should be based on the existing conditions of 
land uses in each part of city. As shown in the analyses, the conditions of zones can effect 
to the public preferences, due to their experiences in the areas. For the specific area level, 
it should be considered based on the stakeholders’ characteristics in each area or zone, 
including socio-economic conditions, travel behaviors, and life styles. In addition, the 
main goals of land development control strategies should be to conserve or increase the 
qualities of living environments in overall Bangkok areas and in each part of city. 
However, the details of these strategic plans must be conducted into the further study to 
encourage the sustainable developments in the city. 
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CHAPTER 6 
INTEGRATED ZONAL IMPACT ANALYSIS 
 
This chapter focuses on the integration of economic and environmental impacts that had 
been evaluated in the previous chapters. To do so, the pollution impacts had to be 
evaluated into monetary term so that they could be combined with the economic impacts. 
The public preferences on development impacts that determined in the previous chapter 
were considered as the interrelationship between travel cost and pollution impacts. This 
relationship was considered based on the importance between both kinds of impacts in the 
viewpoint of community. The integration of impacts has to be performed by using the 
relationship identified by community in order to respond to the authentic needs of society. 
Moreover, to include the public involvement into the urban planning process from the 
initial stage, their willingness to accept the consequences of land development 
alternatives must be quantified. This willingness is necessary for identifying a sensitive 
area towards development impacts. In this chapter, the zonal characteristics were 
determined their influences on the zonal impacts generated by shopping center project(s) 
also. This helps to understand that which criteria can influence on zonal development 
impacts and how different zonal conditions created different impact severities. These 
details are described in the following sections. 
 
6.1 POLLUTION IMPACT COSTS OF LAND DEVELOPMENTS 
 
Because the concerned pollution impacts could be separated into two parts, air and noise 
pollutions, their unit costs had to be estimated individually. For the estimation of noise 
pollution costs, the study employed the guideline developed by Japan Research Institute 
(2000). It was suggested that the effected area comprises land parcels facing to the road. 
The lands in the slip up to 20 m from the road’s shoulder, used for residential and/or 
commercial activities, are to be focused. Residential and commercial areas not facing the 
road are not included because of the shielding effect of roadside buildings and the 
attenuation of noise itself. Noise is assumed to be effective for 12 hours, or half a day, 
which reflects the daily life cycle of the residents. Rasagam (1987) estimated that the cost 
unit of noise pollution for Bangkok in 1987 is Baht 116 per dBA/m2/year. This study 
utilized this unit cost by adjusting with the average annual growth rate of Gross Domestic 
Products (GDP) during 1987 to 2003, 9.19%. The unit cost of noise in year 2003 can be 
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estimated about Baht 433.72 per dBA/m2/year. Furthermore, in Bangkapi residential 
and/or commercial buildings within the 20 m. slip on both sides (40 m. in total) were also 
assumed to occupy 55.70% of the area excluding parts for public use and the road [DCP, 
2002]. Based on this information, the unit environmental cost for noise is calculated by 
Eq. (6.1). 
 
km/hr)(Baht/dBA/12.103,1
(days)1/365(m/km)1000 
 (day)50.0Ratio)(Occupancy0.557  (m)40/year)m(Baht/dBA/ 433.72Noise ofCost Unit 2
=
××
×××=  Eq. 6.1 
 
For air pollution costs in Bangkok, there are no unit costs of air pollutions have been 
estimated yet. The study have reviewed many estimated the air pollution costs in many 
countries, and finally the ones proposed by DPU (1991) were employed in this research. 
DPU (1991) have estimated the costs of CO, NOX, and SO2 that they are about 992, 7,410, 
1,710 $/ton price in 1990, respectively. The study selected these estimated air pollution 
costs, because they cover all reasonable damages, not only health treatments, such as 
building, agriculture products, physical effects, biological effects, environmental 
economy and population. However, they had to be adjusted based on money exchanging 
rate and average annual growth rate of GDP. Eventually, they were estimated the unit 
costs of CO, NOX, and SO2 in 2003 for Thailand that about 0.95, 7.06, and 1.63 Baht/kg.  
 
These estimated pollution unit costs were utilized in order to evaluate the environmental 
impact costs of each land development alternative. Based on the pollution levels in Table 
4.24 and 4.27, the pollution impact costs of single and simultaneous development 
alternatives could be estimated into Table 6.1 and 6.2, respectively. It was very obvious 
that the noise pollution costs are the major pollution impacts. In air pollution impacts, 
NOx was the highest costs, CO and SO2 were the second and third, respectively. By 
comparing the travel costs and pollutions costs generated in development alternatives, it 
was pointed out that the environmental impacts were much more severe than the 
economic impacts including vehicle operating costs and travel time costs (See Table 4.15 
and 4.18 in Chapter 4). Therefore, to evaluate and control the development impacts of 
traffics induced by any land development project, the environmental consequences should 
be seriously concerned in the urban planning process. 
 
 152
Regarding to pollution cost evaluations, the best alternative of single development project 
was Case No. 4, Zone 179, because of the minimum total pollution costs, 16,060,387 
Baht/hr. For simultaneous developments, it was recommended to implement the projects 
into Zone 168 and 173, as shown by the lowest pollution of 16,093,855 Baht/hr. It was 
noticed that the changes of environmental impact costs between development alternatives 
and base case were not obvious as much as in the economic impacts. This might be 
because this research considers the impacts caused by traffics during evening peak hours, 
and at that period more congested situation are being spread over the study area, so the 
increases of travel costs can be very significant impacts, especially for travel time losses. 
The environmental damages in such area are very critical and in the saturated stage, small 
amounts of new trips could not evidently affect to the environmental degradations 
[Limapornwanitch et al., 2004]. However, as shown in the results of pollution costs and 
the preferences of communities, the environmental issues become a critical issue in the 
context of sustainable developments for any city, thus it is essential to consider it into 
managing urban land developments. 
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6.2 INTEGRATION OF ZONAL IMPACT ANALYSIS 
 
Until this step, both economic and environmental impacts were estimated already, the 
next is to integrate them together. As explained in the literatures, the integrated impact 
assessment normally concerns the integration of three intersecting circles presenting the 
environment, society, and economy [Gibson, 2001]. Usually, the development impact 
integration can be performed directly after estimating impacts into the same measuring 
units, such monetary term, weights or priorities [Bond et al., 2001, Toth and Hizsnyik, 
1998, Scholten and Post, 1999, and Lee and Kirkpatrick, 1997]. The integrated impacts in 
such ways directly sum all impacts, already converted into the same unit, for total impacts 
(See Figure 2.6). Usually, this way has the weak degree of impact integration [Bond et 
al., 2001]. All impacts are assessed separately and integrated at the decision making stage. 
It can be seen that this approach does not consider the relationship between impacts. 
Eggenberger and Partidario (2000) have criticized that the traditional integrated impact 
assessment approach based on the direct summations of various impacts does not 
represent the whole impacts widely acknowledged. Although, this study focuses on 
economic and environmental impacts, not all of three-pillar impacts, but it tries to catch 
the interrelationship between both kinds of impacts in the viewpoint of social values. This 
is a way to include the social components into the integrated impact assessment aspects. 
The relationship between economic and environmental impacts was considered as the 
importance of impacts in the senses of communities. The integration of impacts has to be 
conducted based on the identified importance of impacts by people as shown in Figure 6.1. 
It will help to present the real thresholds of integrated impacts in the feeling of society 
and encourage stronger degree of impact integration.  
 
By the results of AHP analysis in Chapter 5, the public preferences on travel cost and 
pollution impacts caused by any land development projects were determined. It was found 
that most people pay the importance on pollution impacts more than on travel costs. The 
priority of pollution impacts were weighted by 0.64, and it was 0.36 for the travel cost 
impacts. These weights had been proved that they were not relied on the zones or 
locations, hence it could be assumed that all communities in Bangkapi have the same 
impact priorities. Based on these AHP priorities, it can be estimated the importance of 
environmental impacts compared with the economic ones by Eq. (6.2) 
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Figure 6.1 The impact integration framework for this study. 
Source: Author 
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By using the comparative weight (ψ), the integrated impacts in each zone and for total 
study areas can be calculated as shown in Eq. (6.3) and (6.4), respectively. The integrated 
impact costs caused by single and simultaneous development alternatives were calculated 
by these equations and shown in Table 6.3 and 6.4, respectively. In addition, the 
distributions of integrated impact costs in each zone for all development alternatives can 
be demonstrated in Figure 6.2(a) – (h). 
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Based on the results of integrated impacts, Zone 179 in Case No. 4 was the most suitable 
area for a proposed shopping center project as shown by the minimum integrated impact 
costs. Because Zone 179 is located in the center of radial networks, there are the 
advantages of full accessibilities. The severe impacts caused by the project were mainly 
imposed into Zone 170, as illustrated in Figure 6.2 (e). Although, the integrated impact 
costs were not so much different, Zone 168 and 173 could be ranked as the second and 
third appropriate alternatives, respectively.  
 
For simultaneous development strategies, it had no doubt that the developments in three 
zones should be the worst alternative, as much more trips had been induced into Bangkapi 
area. The best choice was the developments in Zone 168 and 173 as seen from the lowest 
integrated impact costs. Moreover, it was noticed that though Zone 179 was the best area 
for single developments, but when another shopping center was implemented in Zone 173, 
a lot of impacts were generated, because of insufficient infrastructure capabilities. It was 
noticed that Zone 173 and 179 are located near together, so the networks in such zones 
could not handle the travel demands to access the forthcoming projects. The severe 
congestions were occurred together with a lot of negative impacts. This could be 
represented by the second highest integrated impact costs.  
 
From the overall development impacts, it was obvious that both travel cost impacts and 
pollution impacts are the huge social costs in the community. Particularly in the present, 
the city is growing very fast, so the provision of infrastructures to serve the developments 
cannot keep pace with the growths. This fact becomes more serious in poorly planned 
cities. Therefore, to manage any urban developments in sustainable approach, planners 
should perform the integrated impact assessment in effectively control such rapid 
urbanizations. However, it was also found that the changes of pollution impact levels 
were not obvious as much as for the travel cost impacts. This might be because Bangkapi 
District is very crowded areas. With the existing conditions, the environmental conditions 
have been damaged a lots already. Especially for traffic pollutions, various factors can 
affect to the pollution levels in the areas, such as traffic volume and speed, lane width, 
road length, etc. Therefore, only small development cases might not significantly change 
the environmental conditions. In addition, because the trips of evening peak periods that 
always have severe congestions were emphasized for the analyses, thus huge travel time 
losses were generated as the main impacts during such periods. If the further study in off-
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peak periods is conducted, the influences of pollution impact costs may be shown more 
obviously. 
 
6.3 THE IDENTIFICATION OF SENSITIVE AREAS TOWARDS 
DEVELOPMENT IMPACTS 
 
Normally, the integrated impact appraisal can be understood more widely to include the 
involvement of stakeholder groups in assessment and decision making. In fact, the 
participation in the integrated impact assessment has been “weak” [Lee and Francis, 
2001]. There has been very little participatory involvement in economic appraisal, for 
environmental and social assessment it has been insufficiently related to each other. As 
explained before, the proposed IZIA framework intends to include the public participation 
into the planning process from the beginning steps, thus the study tries to incorporate with 
the communities in Bangkapi for identifying sensitive areas towards land development 
projects. The sensitive area is identified based on the levels of zonal development impacts 
and the willingness of people in each zone to accept such impacts. It can be seen that the 
public participation in zonal impact analysis is included as the bottom-up planning 
process, because the public judgments and preferences were considered at early stage. 
The communities are not only involved into the evaluation of land development 
alternatives at decision making stage, like in top-down approach, but they play the 
significant roles on the impact integration process and estimation of communities’ 
willingness in identifying a sensitive area. The community is encouraged to more strongly 
participate in planning process of the IZIA framework than in the traditional integrated 
impact assessment. 
 
In the previous section, the estimation of integrated impact costs have been carried out, so 
for this section the willingness of community in each zone to accept integrated impacts of 
land development project must be determined. The willingness of community can be 
estimated based on the summation of maximum integrated impacts accepted by 
stakeholder for each trip in a zone. To calculate the willingness of each zone, the 
acceptable travel cost impacts collected from communities in Bangkapi surveys, the 
comparative weight of impacts (ψ), number of production and attraction in the zone, 
value of travel time, proportion of trips for each trip purpose, and average car occupancy 
rate are essential information as shown in Eq. (6.5)-(6.7). First, the willingness to accept 
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travel cost impacts is calculated based on the acceptable travel cost increase of people in 
each trip and trip productions and attractions, see Eq. (6.5). Afterwards, the willingness to 
accept environmental damage costs can be estimated by Eq. (6.6). As people gave more 
importance to environment than economy about ψ times, so it is reasonable for them to 
accept the environmental impacts as (1/ψ) times of economic impacts. The willingness to 
accept integrated impacts can be estimated as the summation of willingness to accept 
environmental and economic impacts as shown in Eq. (6.7). 
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To identify the sensitive zones towards integrated impact costs generated by land 
developments, the Index of Acceptance of Development Impact (IADI) that explained in 
Chapter 3 was employed. The index equation can be rewritten into Eq. (6.8).  
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Based on the acceptance index equation, the index for each zone can be calculated and 
compared each other to identify the sensitive areas. The areas that the values of index 
higher than 1.0 will be identified as the sensitive areas. This is because the impacts 
generated in the zone by the development project are over than the acceptable level of the 
community in that zone. These areas should be paid more attentions by planners to 
mitigate the negative impacts of land developments. It can compromise between the 
stakeholder group earning the benefits and the one losing their opportunities. Because 
previous impact analyses have shown that the single project of shopping center should be 
developed into Zone 179, while for the simultaneous ones Zone 168 and 173 was the best 
choice. Therefore, only IADI results of the zones that imposed by negative impacts of 
these development cases were calculated and analyzed for this further analysis as 
demonstrated in Table 6.5. 
 
Table 6.5 The public willingness to accept integrated impacts and the Index of 
Acceptance of Development Impact (IADI) for each zone 
Base Case Single Development Simultaneous Developments 
Shopping Center in 
Zone 179 
Shopping Centers in 
Zone 168 and 173 
Zone jecoW , * jenvW , * jTW , * 
1,, jTI * 
4,, jTI * 4,jIADI  5,, jTI * 5,jIADI  
167 287,828 161,184 449,012 2,123,057 2,075,338 -0.106 2,100,343 -0.051 
168 192,300 107,688 299,987 5,026,726 4,997,272 -0.098 4,975,666 -0.170 
169 268,660 150,450 419,110 2,794,106 2,833,071 0.093 2,764,277 -0.071 
170 111,784 62,599 174,384 4,761,945 4,937,381 1.004 4,781,825 0.114 
171 21,046 11,786 32,832 1,349,587 1,282,867 -2.029 1,319,588 -0.912 
172 68,011 38,086 106,097 538,543 536,239 -0.022 526,627 -0.112 
173 232,496 130,198 362,694 2,134,049 2,090,638 -0.119 2,120,876 -0.036 
174 121,278 67,915 189,193 628,779 601,716 -0.143 611,506 -0.091 
175 356,703 199,754 556,456 2,874,108 2,871,252 -0.005 2,891,475 0.031 
176 411,323 230,341 641,664 2,520,986 2,501,599 -0.030 2,647,718 0.197 
177 118,459 66,337 184,797 3,141,921 3,073,910 -0.367 3,069,161 -0.393 
178 283,639 158,838 442,476 5,734,033 5,733,227 -0.002 5,747,870 0.031 
179 155,873 87,289 243,161 1,828,571 1,850,702 0.091 1,849,695 0.087 
180 45,022 25,212 70,234 1,443,247 1,424,487 -0.267 1,422,531 -0.294 
*Unit of Baht per hr 
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As shown in the table, Zone 170 was the sensitive zone in the case of single development 
in Zone 179, because of its IADI, 1.004, higher than 1.0. The other zones were not 
seriously affected by the development project in Zone 179. For the simultaneous 
developments in Zone 168 and 173, there were no zones that their indices higher than 1.0. 
However, Zone 176 occupied the highest IADI, 0.197, and Zone 170 was ranked as the 
second with 0.114 of IADI. Some of IADIs had the negative values to present the 
decreases of integrated impact costs as the improved conditions of study areas. This was 
possible, because the considered development alternatives did not create the adverse 
impacts into the study areas, but those impacts could be distributed into the external zones. 
As described in Chapter 4 that total traffic indicators of all study areas, including external 
and internal zones, were increased, but this study emphasized on the internal study area 
only, therefore the impacts generated in external ones were ignored.  
 
It was noticed that in any development alternatives Zone 170 was imposed by the severe 
impacts, as it plays the role of main distributor with complete expressways. Particularly, it 
functions to connect Ladprao and Ramkamhang roads and provide accessibilities of many 
land development projects located along these roads. In fact, there are not many resident 
areas and activity centers in Zone 170, thus its populations and numbers of trip 
productions and attractions are very small. Therefore, the willingness to accept the 
impacts in Zone 170 was small, but the huge impacts of pass-by trips were generated into 
this zone. These resulted to the high value of IADI in Zone 170, and identify it as the 
sensitive area. 
 
If planners in Bangkok try to mitigate the impacts occurred around the site specific areas 
only, it seems to be unfair for the stakeholders in zone 170. The planners should provide 
some mitigation measures to relieve the negative impacts in the zone. Someone may 
argue that the new traffics that pass through Zone 170 can create some economic benefits 
for the community in this zone, such as new business areas, increase of land price, etc. 
However, those benefits cannot be approved obviously in the short period, but for the 
negative impacts of more congested conditions, they are foreseeable in the near future. It 
is not only the increase of travel resources, consisting of time and costs, but also the air 
and noise pollution issues, traffic safety matters can directly effect to the community. 
Planners cannot ignore the responsibilities to alleviate the problem for this sensitive area. 
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6.4 THE INFLUENCES OF ZONAL CHARACTERISTICS ON 
DEVELOPMENT IMPACTS 
 
When a development project implemented into any zone the traffic impacts and other 
secondary impacts would be generated and spread into wide urban areas or many other 
zones through the networks. Each zone has different levels of zonal development impacts 
as seen from the previous appraisals. The level of impacts in each zone may be influenced 
by the local conditions in zone itself. The study realizes on the significance for 
investigating the influences of zonal characteristics. If it can be understood that which 
zonal factors could effect to the impacts generated in each zone, and how it effects to such 
impacts, the provision of impact mitigation measures can be efficiently and effectively 
developed. In addition, the urban areas affected by impacts of land development project 
can be easily controlled or limited into a certain acceptable level of impacts and planned 
areas. 
 
Based on the data availability and expected influencing factors, the study considers 11 
variables possibly affect to the impacts in each zone as shown in Table 6.6. The data of 
these variables can be shown in Appendix C. 
 
Table 6.6 The considered variables of zonal conditions. 
No. Variable Unit Definition 
1 ardwidth Meter Average Road Width in Zone i 
2 acledist Meter Average Clearance Distance between Road Edges and Buildings Along the Roads in Zone i 
3 alinkcap pcu-trip/hr Average Network Capacity in Zone i 
4 sumrddis Kilometer Total Road Distances in Zone i 
5 zonepop persons Number of Population in Zone i 
6 zonalcap pcu-trip/hr Total Network Capacities in Zone i 
7 zonework positions Number of Employments in Zone i 
8 zonearea Square Kilometer Area of Zone i 
9 zoneprod pcu-trip/hr Number of Trip Productions in Zone i 
10 zoneattr pcu-trip/hr Number of Trip Attractions in Zone i 
11 zoneflow pcu-trip/hr Total Traffic Flows in Zone i 
 
6.4.1 THE FACTOR ANALYSIS AND CORRELATION ANALYSIS OF ZONAL 
CHARACTERISTICS 
 
To investigate that what kinds of factors can influence the development impacts, the 
method of factor analysis were employed to analyze these variables. Due to different units 
of influencing variables, they must be standardized by Z-scores in order to remove the 
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effects of different units before conducting the factor analysis. Eventually, the results can 
be shown in Table 6.7. 
 
Table 6.7 The results of factor analysis for zonal conditions 
Factor Components No. Variable Factor 1 Factor 2 Factor 3 
1  Zscore(ZONEATTR) 0.920 0.152 0.095 
2  Zscore(ZONEPROD) 0.902 0.049 0.186 
3  Zscore(ZONEWORK) 0.899 0.104 0.052 
4  Zscore(ZONEPOP)   0.875 0.071 0.253 
5  Zscore(SUMRDDIS)  0.225 0.934 0.015 
6  Zscore(ZONEFLOW) 0.285 0.890 0.028 
7  Zscore(ZONALCAP) 0.311 0.832 0.327 
8  Zscore(ACLEDIST)  -0.375 0.761 0.167 
9  Zscore(ZONEAREA) -0.029 0.529 0.298 
10  Zscore(ALINKCAP)  0.129 0.141 0.935 
11 Zscore(ARDWIDTH) 0.383 0.309 0.814 
 
Based on the results, it can be seen that the considered variables can be classified into 
three factors. Factor 1 consists of four variables, including ZONEATTR, ZONEPROD, 
ZONEWORK, and ZONEPOP. It was very obvious that these variables represent for 
“Socio-economic Conditions” in each zone. Factor 2 covers five variables, including 
SUMRDDIS, ZONEFLOW, ZONALCAP, ACLEDIST, and ZONEAREA. They stand 
for “Overall Performances of Transportation Systems” in each zone. The last one, 
Factor 3, include ALINKCAP and ARDWIDTH to represent “Specific Network 
Characteristics” in the zones. 
 
The variables in these three factors had to be determined the relationships with the levels 
of development impacts by using the correlation analysis. All impacts, including traffic, 
economic, and environmental impacts, had to be taken into the consideration. To remove 
the influences of different units, these impacts were normalized as the impact indices. 
Base on the separated analyses of influencing factors, the correlation coefficients of zonal 
conditions and impacts can be calculated as shown in Table 6.8-6.10. 
 
From Table 6.8, it can be seen that most variables had no the significant influences on the 
development impacts, as their correlations were lower than 0.5. It was interpreted that the 
factor of socio-economic conditions in each zone do not obviously affect to the level of 
development impacts in Bangkapi. However, it might be noticed that most correlation 
coefficients were not too low, they were between 0.25-0.45. This was expected that  
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Table 6.8 The correlation coefficients between socio-economic variables and impacts 
Influencing Variables 
No. Impacts Definitions Zscore 
(ZONEATTR) 
Zscore 
(ZONEPROD) 
Zscore 
(ZONEWORK) 
Zscore 
(ZONEPOP) 
1 Zscore(IDELAY) Vehicle-Delay 0.287 0.228 0.244 0.173 
2 Zscore(IKM) Vehicle-Kilometer 0.347 0.323 0.303 0.321 
3 Zscore(ITIME) Vehicle-Travel Time 0.295 0.236 0.254 0.182 
4 Zscore(IVOT) Travel Time Costs 0.295 0.236 0.254 0.182 
5 Zscore(IVOC) Vehicle Operating Costs 0.373 0.359 0.322 0.404 
6 Zscore(ITTC) Total Travel Costs 0.343 0.299 0.296 0.281 
7 Zscore(INOISE) Noise Pollution 0.442 0.368 0.322 0.288 
8 Zscore(ICO) CO Pollution 0.278 0.277 0.234 0.287 
9 Zscore(INOX) NOx Pollution 0.301 0.293 0.254 0.293 
10 Zscore(ISO2) SO2 Pollution 0.402 0.355 0.343 0.308 
11 Zscore(INOICOST) Noise Pollution Costs 0.333 0.315 0.329 0.292 
12 Zscore(ICOCOST) CO Pollution Costs 0.278 0.277 0.234 0.287 
13 Zscore(INOXCOST) NOx Pollution Costs 0.301 0.293 0.254 0.293 
14 Zscore(ISO2COST) SO2 Pollution Costs 0.402 0.355 0.343 0.308 
15 Zscore(IPOLCOST) Total Pollution Costs 0.333 0.315 0.329 0.292 
16 Zscore(ITOTCOST) Integrated Impact Costs 0.341 0.312 0.320 0.291 
 
Table 6.9 The correlation coefficients between overall transportation performance 
variables and impacts 
Influencing Variables 
No. Impacts Zscore 
(SUMRDDIS) 
Zscore 
(ZONEFLOW) 
Zscore 
(ZONALCAP) 
Zscore 
(ACLEDIST) 
Zscore 
(ZONEAREA) 
1 Zscore(IDELAY) 0.908* 0.923* 0.726* 0.366 0.342 
2 Zscore(IKM) 0.945* 0.944* 0.866* 0.535* 0.475 
3 Zscore(ITIME) 0.913* 0.926* 0.733* 0.371 0.347 
4 Zscore(IVOT) 0.913* 0.926* 0.733* 0.371 0.347 
5 Zscore(IVOC) 0.863* 0.864* 0.902* 0.623* 0.522* 
6 Zscore(ITTC) 0.946* 0.955* 0.843* 0.493 0.437 
7 Zscore(INOISE) 0.145 0.340 0.083 -0.460 -0.246 
8 Zscore(ICO) 0.935* 0.924* 0.859* 0.586* 0.504* 
9 Zscore(INOX) 0.936* 0.937* 0.857* 0.548* 0.485 
10 Zscore(ISO2) 0.891* 0.945* 0.796* 0.319 0.359 
11 Zscore(INOICOST) 0.997* 0.891* 0.799* 0.559* 0.483 
12 Zscore(ICOCOST) 0.935* 0.924* 0.859* 0.586* 0.504* 
13 Zscore(INOXCOST) 0.936* 0.937* 0.857* 0.548* 0.485 
14 Zscore(ISO2COST) 0.891* 0.945* 0.796* 0.319 0.359 
15 Zscore(IPOLCOST) 0.997* 0.891* 0.799* 0.559* 0.483 
16 Zscore(ITOTCOST) 0.988* 0.926* 0.825* 0.539* 0.470 
* means that it has the high influences on the impacts 
 
because various zonal socio-economic conditions can simultaneously or indirectly affect 
to the impacts generated in each area, so there are no predominant variables that 
influences the impacts evidently.  
 
In Table 6.9, SUMRDDIS, ZONEFLOW, and ZONALCAP, were the influencing factors 
on impacts, because of their high coefficients with various kinds of impacts. Only noise 
impacts were not depended on these three factors as shown by small correlations. It was 
noticed that the noise levels were mostly relied on ACLEDIST with the correlation of -
0.460. The negative values mean that if a zone has higher clearance distances, the 
concentration of traffic noise pollutions is more decreased. ACLEDIST was the 
influencing factors on impacts of vehicle-kilometer, vehicle operating costs, the pollution 
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costs of noise, CO, and NOx, total pollution impacts costs, and integrated impact costs as 
well. This might be because that in Bangkapi area the zones that located by expressway 
systems still have a lot of spaces, not so many activities places along the roads. Because 
of their better transportation system, many trips have been gone through with a lot of 
impacts generated. It seems to be that more clearance distances have more severe impacts, 
but in fact they are the results of good transportation system implemented into the zones 
occupying a lot of vacant areas. The relationships of ZONEAREA on the impacts were 
not strong. Only the coefficients of 0.522 for vehicle operating costs, and 0.504 for the 
pollution levels and costs of CO, were most obvious. Based on these results, it was 
concluded that the conditions and performances of transportation system in serving travel 
demands at the overall level of each zone can significantly affect to the development 
impacts distributed from the developed zone(s) to other zones. The zones that have the 
good traffic conditions or full facility provisions are imposed by severe impacts. Because 
most travelers want to avoid the congestion, so they try to travel through the better 
networks in those zones. 
 
Table 6.10 The correlation coefficients between specific network characteristic variables 
and impacts 
Influencing Variables 
No. Impacts Zscore 
(ALINKCAP)  
Zscore 
(ARDWIDTH) 
1 Zscore(IDELAY) -0.001 0.369 
2 Zscore(IKM) 0.227 0.522* 
3 Zscore(ITIME) 0.007 0.376 
4 Zscore(IVOT) 0.007 0.376 
5 Zscore(IVOC) 0.411 0.594* 
6 Zscore(ITTC) 0.169 0.485 
7 Zscore(INOISE) -0.288 0.058 
8 Zscore(ICO) 0.250 0.525* 
9 Zscore(INOX) 0.231 0.524* 
10 Zscore(ISO2) 0.116 0.490 
11 Zscore(INOICOST) 0.136 0.439 
12 Zscore(ICOCOST) 0.250 0.525* 
13 Zscore(INOXCOST) 0.231 0.524* 
14 Zscore(ISO2COST) 0.116 0.490 
15 Zscore(IPOLCOST) 0.136 0.439 
16 Zscore(ITOTCOST) 0.151 0.462 
* means that it has the high influences on the impacts 
 
In Table 6.10, the specific network characteristics in each zone were determined with the 
zonal impacts. It was found that the average link capacity in each zone was not influence 
on the zonal impacts at all, but the average road width was influence on some impacts, 
including vehicle-kilometer, vehicle operating costs, the pollution levels and pollution 
costs of CO and NOx.  
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Regarding to these correlation analyses, the study found that the condition of networks in 
each zone mainly influence on the development impacts distributed into each zone, 
particularly for the factors representing the overall traffic conditions and transportation 
system performances. However, the relationships were in the positive directions. This 
means that if the performances of networks in a zone are improved, they will induce 
many impacts of land development projects to be generated into that zone. This condition 
can be possible in the macro-analysis level of urban areas. If the new project is 
implemented in the urban areas, more congested situations will be created as the 
consequences. Drivers or travelers try to avoid the congestions by looking for the better 
routes to access the new land development project, or to travel around such areas. 
Therefore, if some zones are improved in their zonal network capabilities, there is no 
doubt that many trips will be made in such zones. 
 
This finding implies that planner cannot mitigate the development impacts in any zone by 
using the approach of supply side, but the demand management side is also necessary. 
More roads may increase more trips in the zones. The transportation system managements, 
such as traffic signal optimization, one-way or two-way traffic management, and u-turn 
provisions, are an effective impact alleviation alternative. One of worldwide alternatives, 
transportation demand management, is also useful to be applied into the city areas. The 
development shopping project should be encouraged to provide the full accessibilities of 
public transportation systems, and to limit the private vehicle usages. In land use planning 
measures, planner should try to control the type and size of development project to be 
appropriate for each zone. This is like the land use density management. These are the 
examples of demand management approach. They are possibly implemented into the 
poorly planned cities, especially for developing cities. They do not require the huge 
resources of implementation, but planners must pay seriously attentions for the 
enforcements and implementations. In addition, the community should be provided more 
opportunities to participate into these management strategies for any city. 
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CHAPTER 7 
CONCLUSION 
 
As explained in this dissertation that many efforts of urban and transportation planner 
have tried to integrate land use and transportation planning. They can be grouped into two 
approaches, developments of analysis tools and planning frameworks. Due to the 
complicated relationships of land use and transportation, and limitations of data 
availabilities, budget, and human resources, the development of advanced analysis tools 
are difficult to be implemented in poorly planned cities. Therefore, the planners in these 
cities have employed the planning concepts to integrate land use and transportation plans. 
Through planning concepts, many impact assessment frameworks have been developed 
and utilized as the tools to balance land developments and transportation capabilities. 
However, because of different analysis levels, the existing impact assessment frameworks 
are suitable for micro and macro planning levels only. While land use planning utilizes 
the zoning system to control land developments in the Mezzo-Scale, there is no any 
impact assessment framework to deal with the consequences of urban growths at this 
level. This makes the integration of transportation and land use planning becomes 
difficult. To fulfill this gap of knowledge, this dissertation have proposed an alternative of 
impact assessment approach, Integrated Zonal Impact Analysis (IZIA) framework, to 
improve managing urban developments, especially for poorly planned urban areas (see 
Figure 7.1). This framework consists of four main parts, consisting of the land use 
planning data preparation, transportation planning data preparation, zonal development 
impact assessment, and the participation of community in integrated impact assessment. 
 
 
Figure 7.1 The position of Integrated Zonal Impact Assessment framework. 
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Under this framework, the impacts are assessed and analyzed into the zonal level so that 
the development impacts caused any land use project can be obviously distributed into 
each zone. This helps planners to minimize the land development impacts and effectively 
control urban growths. Moreover, an alternative of impact integration based on the 
communities’ preferences has been proposed also. The priorities of impacts judged by 
stakeholders are considered as the interrelationships between impacts that are often 
disregarded in the integrated impact assessment. The IZIA framework also determines the 
willingness to accept the development impacts for each zone in order to identify the 
sensitive area.  
 
Before apply the IZIA framework into the practical study, the experimental study was 
conducted to understand the basic characteristics of zonal impact analysis model. It was 
found out that size of development project, shape and capacity of networks, can 
significantly influence the level of traffic impacts generated by land developments in each 
zone. Due to time limitations and out of scope of this research, the experiments might be 
insufficient to draw out the universal points of zonal impact behaviors. It is recommended 
to conduct the further analyses of simulations in a numerical city by considering more 
factors, such as different shape of and networks and city, type of land use project, etc.  
 
This study applied the proposed IZIA framework into Bangkapi District, Bangkok, as a 
case study. The shopping center project(s) was considered for the land development 
projects. Its effects of new trip generation on the networks were examined into the study 
area, consisting of 14 internal study zones, and 11 external ones. Based on land 
development potentials in Bangkapi, there were three zones considered for implementing 
the forthcoming project. They include Zone 168, 173 and 179. To simulate the traffic 
impacts, the new transportation database system was prepared into the zone-base, and 
eight development alternatives were created by including single and simultaneous 
developments, and the base case without any development project. 
 
Based on the comparisons of normalized traffic impacts among single development 
alternatives, it was found that the implementation of project in Zone 179, was the best 
alternative, because of the lowest total impact index. The second and third were Zone 173 
and 168, respectively. To demonstrate the impacts distributed when the project located in 
Zone 179, the zonal impacts were normalized among the zones. It presented that more 
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traffic congestion were imposed into Zone 168, 169, 170, 178, and 179. This can be seen 
from their increases of traffic impact indices compared to the base case. Particularly in 
Zone 170, the traffic impacts, including veh-km, veh-time, and veh-delay, were 
significantly increased. In simultaneous alternatives, it had no doubt that the worst case 
should be the developments in all of three zones. The best alternative was the case of two 
projects in Zone 168 and 173. The zonal impact distribution of the best simultaneous 
developments also pointed out Zone 170 was significantly affected by the traffic impacts 
of projects. 
 
From the results of zonal traffic impact analysis, the location of zone located in the 
network and their performances of transportation system can influence the generation of 
zonal impacts and its distribution. Because the location advantage of Zone 179 that 
located in the center of radial networks, it increased more accessibility of the developed 
area and decreased travel distances and number of long trips in various zones. However, 
the network capabilities of area must be considered to control the development projects in 
size and location, as seen from when two projects located in Zone 173 and 179 near the 
center of radial networks they created more severe negative impacts than the other 
alternatives. For impact distributions, it was found that the zone occupying the high 
performance networks will be mainly affected by development project, because to access 
the forthcoming project(s) most people travel through them. This was very obvious in 
Zone 170. Owning to the roles of main distributor for Atnarong-Ramintra Expressway 
located in Zone 170, and the connector between Ramkamhang and Ladprao Roads in 
Bangkapi, many trips had been traveled through the zone together with the severe traffic 
impacts. 
 
The traffic impacts of all development alternatives were considered into the further 
secondary impact assessments, including economic and environmental impacts, to 
promote sustainable developments of the city. Both kinds of zonal impact assessments 
gave the same results of suitable alternatives. Zone 179 was the best single development. 
Zone 168 and 173 were the best choices for simultaneous developments. This might be 
because these secondary impacts were estimated based on traffic impact indicators, so 
their secondary impacts were similar to the traffic impacts. However, according to 
assessments of economic and environmental impacts, it was very evident that pollution 
impact costs were very huge social costs caused by existing traffics and traffic induced by 
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development projects. It was higher than the travel cost impacts 1.5-3.0 times in each 
zone. This informs that planners cannot overlook to include the environmental impacts 
into the urban growth managements. 
 
The results of impact assessments remind planners to concern various impacts of land 
development projects, not consider only the specific one, such as LOS of networks. This 
also encourages to concern about the integrated impacts more seriously. The public 
participation should be included into the process of integrated impact assessment. The 
dissertation has tried to investigate the public preferences on development impacts. As in 
the IZIA framework the impacts are considered in the zone-base, therefore communities 
in each zone had to be included into the study. There were three stakeholder groups, 
including residents, commuters, and visitors. Their preferences and opinions were 
collected through questionnaire and interview surveys. Totally, there were 1,064 
questionnaires collected, but after the data verification, only 972 samples could be used as 
the final samples or about 91.35 % of obtained total samples. To determine and perceive 
the characteristics and preferences of each community, the statistical and multivariate 
analysis methods, including independence tests with χ2-Tests and cluster analyses, and 
the Analytic Hierarchy Process (AHP) method were employed.  
 
Based on the surveys of public judgments, it was found that the public gave more value 
sense on the environmental issues than transportation issues. Especially the people gave 
more priorities for mitigations of pollution impacts in both evaluations of land use plans 
and impact mitigation of developments. It informs that most people really want to 
improve the environmental conditions in the study area. This result supports the finding in 
the impact assessments that enormous pollution impacts imposed into Bangkapi area. 
Moreover, it was also pointed out that most communities want the government to take the 
main responsibilities in managing urban growths and controlling development impacts. In 
AHP analysis, the priorities of economic and environmental impacts were 0.36 and 0.64, 
respectively. These weights were necessary to be considered as the interrelationships 
between impacts in the viewpoints of social values, and they were utilized into the impact 
integration process. The average values of acceptable development impact levels were 
determined to estimate the willingness of communities for accepting such impacts. The 
average of acceptable travel cost for whole study areas and all stakeholder groups was 
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24.69 Baht/trip. The average of acceptable travel time for whole study areas was 23.35 
min/trip, and for stakeholder groups of residents, commuters, and visitors were 22.16 
min/trip, 23.74 min/trip, and 23.84 min/trip, respectively. The useful information of 
community perception was provided so that an effective impact mitigation plan directly 
responding to the public needs can be developed. 
 
In the integrated impact assessment, as many critics have been discussed about the impact 
integration. Most researchers argue it should not be just the summation of various impacts, 
but the way to catch interaction between impacts is still under researches. This 
dissertation has proposed an impact integration alternative to catch the interrelationship 
between economic and environmental impacts. The interrelationship was estimated via 
the impact priorities judged by society as shown in Figure 7.2. 
 
 
Figure 7.2 The proposed integrated impact assessment approach 
 
As the results, the research found that the communities in Bangkapi gave more 
importance on pollution impacts rather than economic impacts, about 1.78 times. This 
value was called “Comparative Impact Weight”, and utilized into the integration of 
impacts. It presented that the pollution impact costs were more severe in the sense of 
stakeholders. It was examined that this interrelationship was independent from the areas 
or zones in Bangkapi. Most people in any places could perceive on the same value. Based 
 176
on this social value, the willingness to accept integrated impacts could be estimated to 
calculate Index of Acceptance of Development Impact (IADI) for identifying the sensitive 
area. From the process in Figure 7.2, it can be seen that the public involvements are more 
encouraged to participate in the planning process. They play the significant roles in steps 
of impact prioritization and willingness estimation. In practice, they can be included into 
the implementation stage for modifying the proposed project or mitigating its 
development impacts as well.  
 
It was found that in the selected single development, Zone 170 was the sensitive area, as 
shown by its IADI higher than 1.00. This means that the impacts generated in Zone 170 
was higher than the willingness to accept of community. In the simultaneous one, 
although there was no sensitive area, but Zone 176 and 170 occupied the highest indices 
compared to other zones. Particularly in Zone 170, it was emphasized again that this zone 
was imposed by severe impacts of development project in any zone of Bangkapi. This is 
unfair for the people living in that zone. Because of its better network performances, other 
travelers want to go through this area and create more congestion effects to residents in 
Zone 170. This implies that not only the zone implemented by project can be significantly 
affected, but in other far zones may be considerably influenced as well. Therefore, 
planners should pay attention to mitigate the negative consequences in these areas. They 
may prepare one way or another to compensate the disturbed community, otherwise it 
becomes an inequality in the society. 
 
In addition, the influencing factors of zonal conditions towards zonal development 
impacts were also investigated. The results presented that the conditions of networks in 
each zone mainly influence on the impacts distributed into each zone, particularly for the 
factors representing the overall traffic conditions and transportation system performances. 
However, the relationships were in the positive directions. This means that if the 
performances of networks in a zone are improved, they will attract more trips and induce 
more serious impacts in that zone. This finding implies that more roads may increase 
more trips in the zones, so the management approaches, including transportation system 
and travel demand managements, are necessary. For example, efficient one-way or two-
way traffic management, promoting public transportation, land usage controls etc. Due to 
small resource requirements for these measures compared to the new construction of 
networks, they are possibly implemented into the poorly planned cities, especially for 
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developing countries. However, they require planners to really pay attentions for the 
enforcements. 
 
Base on the public perceptions surveyed, to develop impact mitigation plans in the 
management approach, some hints of strategic planning could be drawn out. Because 
most perceptions of communities were independent from the zones or locations, but 
depend on the stakeholders, planners in Bangkapi are recommended to provide the plans 
into two levels, consisting of overall and specific area levels. In the overall area level, the 
plans should be based on the existing conditions of land uses in each zone. As shown in 
the analyses, the conditions of zones can effect to the public preferences, due to their 
experiences in the areas. For the specific area level, it should be considered based on the 
stakeholders’ characteristics in each zone, including socio-economic conditions, travel 
behaviors, and life styles. The main goals of impact mitigation plans should be to 
conserve or enhance the qualities of living environments. However, the details of strategic 
plans must be conducted into the further study. 
 
From the results of dissertation, the findings are briefly summarized in Table 7.1. Three 
points, including an alternative of impact assessments, a way of impact integration, and 
the enhancement of stakeholders’ roles, have been accomplished in this study. First, to 
fulfill the gap between the macro and micro analysis levels of applicable impact 
assessment frameworks in land use and transportation planning, the framework of 
Integrated Zonal Impact Assessment (IZIA) has been proposed. Under this framework, all 
impacts are appraised in the zone-base. This helps to increase the performances of impact 
assessments for considering both single and simultaneous developments, and for 
evaluating various secondary development impacts. These reflect the capabilities of 
proposed framework in dealing with the actual urbanization process of many metropolitan 
areas, especially in developing cities. Second, the integrated appraisal in this study was 
relied on the community’s judgments. The public values of each impact are considered as 
the interrelationship among impacts in the integration step. This is an alternative of 
impact integration that can reflect what the authentic need of society is. Third, the roles of 
stakeholders have been motivated to participate in the planning process more significantly. 
Not only in the impact integration, but also their willingness were determined to identify 
the sensitive areas that planners should seriously pay attentions to mitigate the impacts. 
The public opinions were useful for preparing impact mitigation measures or plans in any 
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part of city. According to the historical practices, only government and developers mainly 
influence on land use and transportation planning process. In the proposed approach, it 
can be seen that people are activated in participating for land developments and 
transportation improvements. This is an important planning issue, because nowadays 
people are increasing their awareness to involve for any social matters.  
 
Table 7.1 The findings under the results of this dissertation. 
No. Point Details 
1 An alternative of impact assessments 
The study has proposed the framework of Integrated Zonal Impact 
Assessment (IZIA) to deal with land use and transportation planning, 
especially in weakly planned cities. 
2 A way of impact integration 
The impact integration based on the public preferences is proposed 
to investigate the interrelationships of impacts in order to present the 
authentic needs of society. 
3 The enhancement of stakeholders’ roles 
The stakeholders have been motivated to participate in the land use 
and transportation planning process. Not only in prioritizing and 
integrating the development impacts only, but their willingness were 
also determined to identify the sensitive area. The public opinions 
are the useful information in preparing an impact mitigation plan. 
 
Furthermore, it can be concluded that the proposed IZIA framework is a strategic 
planning process to control the future urban developments into the direction of livable 
cities by minimizing undesired development impacts as illustrated in Figure 7.3. Without 
any plan, the city might be grown as sprawl developments with huge adverse 
developments. While the approach of complicated land development and transportation 
interaction plans may be difficult to implemented, the IZIA framework can be utilized to 
shape the direction of city growth. Planner may set up the future target of sustainable 
developments, for example the decrease of integrated impact costs or specific pollution 
impacts in each zone or average values of study areas to a certain level, and utilize the 
IZIA to find a suitable development alternative. The selected alternative is implemented 
to control land usages and network improvements as the master plan. At the end of target 
year, the plan can be evaluated to determine that how much the planned target can be 
accomplished. Definitely, there are many variable factors during planning and 
implementation stages, the target may not be completed in a short-term planning. The 
IZIA framework may be utilized as the iteration process to determine the harmonization 
of land developments and infrastructure improvements at each planning horizon. 
Especially in rapid urbanization of developing cities, it can quickly and continuously re-
assessed and modified based on the situation evolves. The former plan can be improved 
and increase the abilities of the later plan to mitigate the unfavorable impacts of 
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urbanization, eventually the target of sustainable developments can be accomplished as 
shown in Figure 7.4. The most important is the IZIA framework is a continuous process 
that needs to be updated for the planning outcomes, so it require monitoring and review 
mechanisms capable of feeding information to planners continuously. It is not something 
that can be applied only once and forgotten or ignored. 
 
 
Figure 7.3 The IZIA application for strategic planning 
 
 
Figure 7.4 The multi stages of IZIA applications in strategic planning  
 
Under the proposed framework various kinds of impacts are considered into the planning 
process, and finally they are integrated based on the impact interrelations from the 
viewpoint of community. This is a new alternative to integrate land development impacts 
based on the public values of impacts. The community participation is also included into 
the process in order to identify their willingness and sensitive areas towards development 
impacts. The IZIA framework can be expected to investigate the influences of land-use 
developments in term of increased trip generation on urban transportation networks, and 
gradually provide some travel demand controls for any activity areas in the 
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comprehensive land-use plan to match with the performances of infrastructures supplied 
in those areas. Finally, it will create the balances of land developments and infrastructure 
provisions with good living environments for the city.  
 
RECOMMENDATIONS FOR FURTHER STUDY 
 
As there are some limitations in this research, so it is recommended to extend the study 
into the following points in order to develop more useful knowledge in both academic and 
practical fields. 
 
• The simulation program should be improved the performances to include the 
abilities of micro simulation, especially simulating internal traffics in developed 
areas and delays of intersection or specific locations. 
• It is recommended to apply the model for travel conditions of off-peak periods to 
obviously investigate the environmental impacts of new development traffics. 
• Consider more control variables in the simulations, such as constant total trip 
generations, but different fashions of developed zones, in a zone or distributed 
into many zones. 
• Number of developed zones should be increased to determine and study the 
characteristics of land development impacts, and find out an optimum plan of land 
development for the study area. 
• In the impact assessment, this study did not include the social impacts directly. 
The social aspect was included as the component of community participation. 
Therefore, the further study may cover and appraise the social impacts more 
evidently. The stakeholders’ preferences or attitudes towards location, type and 
size of land developments can be determined. In addition, the public opinions on 
the social adverse impacts, such as community separation, degradation of living 
environments, etc., are still waiting for the exploration. 
• It can be seen that the proposed IZIA framework is a planning process to empower 
planners in managing urban growths. When the city has been grown rapidly and 
enormously, it results to various desired and undesired consequences. The 
interactions among the components in urban structures are very complicated and 
beyond the capabilities of traditional planning process. In this case, Planning 
Supporting System becomes an important issue that is being researched 
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competitively to increase the abilities of planners in effective decision making and 
planning or selecting an optimum land development alternative. The IZIA 
framework is also one of efforts to develop the tool of planning supporting system. 
The further study may focus on the improvements of computerization system in 
order to develop the complete planning database, the abilities of evaluating 
alternatives and making decisions in the complex situation. The illustration or 
visualization system is also a interesting issue in order to clearly demonstrate the 
planning information. These topics are necessary to be explored in the next steps 
of the research. 
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APPENDIX B: THE QUESTIONNAIRE FORM 
 
 
 
 
 
 
 
 
 
 
 
 
  
Public Perceptions on the Traffic Impact Assessment of 
Land Usages in Bangkapi District, Bangkok 
Public Perceptions on the Traffic Impact Assessment of 
Land Usages in Bangkapi District, Bangkok 
 
 
 
 
 
 
                                                                                                                                
Location:_____________________________________________Date:___________ Code No.: ____________ 
 
PART A: DETERMINE THE PUBLIC VALUE SENSES ON THE PROBLEMS OF BANGKOK 
 
A1. Please mark ⁄ in Yes or No Answers based on your opinion for considering any transportation 
problems in Bangkok  
 
No. Questions Yes No 
1 Can you realize some transportation problems in these areas?   
2 Do you think those transportation problems are urgent to be solved?   
3 To solve those transportation problems, if the government needs to ask for your helps, “Do you want to participate?”   
4 Although there is no any project from the government to solve those transportation problems, “Do you try to solve or relieve the problems by yourself?”   
5 If the government needs to ask for your financial supports to solve those transportation problems, “Can you pay for that?”   
 
 
 
A2. Please mark ⁄ in Yes or No Answers based on your opinion for considering any environmental 
problems in Bangkok  
 
No. Questions Yes No 
1 Can you realize some environmental problems in these areas?   
2 Do you think those environmental problems are urgent to be solved?   
3 To solve those environmental problems, if the government needs to ask for your helps, “Do you want to participate?”   
4 
Although there is no any project from the government to solve those 
environmental problems, “Do you try to solve or relieve the problems by 
yourself?” 
  
5 If the government needs to ask for your financial supports to solve those environmental problems, “Can you pay for that?”   
 
This questionnaire is a part of the research study of the Doctoral Student, Saga University, Japan 
on the impact assessment of land development in Bangkapi, Bangkok. The results of this study can 
be used as references for any research to solve transportation and land use problems in Bangkok. 
Your cooperation in answering this questionnaire is greatly appreciated.
  
PART B: TRAVEL CHARACTERISTICS OF RESPONDENT 
 
B1. For the last trip that you made before answering this questionnaire, where did you come from?  
       Please mark / on the following answer: 
       □ The accommodation       □ Others [Please identify the place__________________________________] 
 
B2. What was your total travel time for that trip?:   _____________________________________  Minutes
 
B3. How many modes that you used for the trip? Please mark / on the number of modes that you used: 
       □ Only 1 Mode                    □ More than 1 Mode 
Please mark / on the modes that you used and Please identify the travel time and travel cost that 
you spent for them: 
       □ Walking or Bicycle   [Travel Time: ______________ Minutes]    [Travel Cost: ______________ Baht] 
       □ Public Motorcycle    [Travel Time: ______________ Minutes]    [Travel Cost: ______________ Baht] 
       □ Taxi or TukTuk        [Travel Time: ______________ Minutes]    [Travel Cost: ______________ Baht] 
       □ Public Van                [Travel Time: ______________ Minutes]   [Travel Cost: ______________ Baht] 
       □ Public Bus                [Travel Time: ______________ Minutes]    [Travel Cost: ______________ Baht] 
       □ Public Boat               [Travel Time: ______________ Minutes]   [Travel Cost: ______________ Baht] 
       □ Elevated Train(BTS)[Travel Time: ______________ Minutes]   [Travel Cost: ______________ Baht] 
       □ Train                         [Travel Time: ______________ Minutes]   [Travel Cost: ______________ Baht] 
       □ Private Motorcycle   [Travel Time: ______________ Minutes]  [Please go to answer the question B3.1] 
       □ Private Car                [Travel Time: ______________ Minutes]  [Please go to answer the question B3.2]
       □ Others [Please identify: _____________] [Travel Time: ________ Minutes] [Travel Cost: ______ Baht]
B3.1 If you used the private motorcycle, please answer the following questions; 
 
B3.1.1 How much that you have to pay in a month for the fuel of motorcycle; 
□ less than 501 Baht      □ 501-1,000 Baht      □ 1001-1,500 Baht      □ 1501-2,000 Baht       
□ 2001-2,500 Baht         □ more than 2,500 Baht [Please identify: ________Baht] 
B3.1.2 How much that you have to pay in a year for the maintenance of motorcycle; 
□ less than 1,001 Baht      □ 1001-1,500 Baht      □ 1501-2,000 Baht      □ 2,001-2,500 Baht      
□ 2501-3,000 Baht            □ more than 3,000 Baht [Please identify: _______Baht] 
B3.1.3 How many trips that you usually make for a day? 
Note: From an origin to a destination, it is counted as 1 trip. Please consider the following 
examples. If in a day you only come to the office, and then go back to your house, so it means that 
you make 2 trips per day, from house to office and office to house. In the case that you travel to 
others before or after both places, this means you make the additional trips. For example, from 
house to office, office to shopping center, and shopping center to house, these become 3 trips.   
□ 2 Trips/Day     □ 3 Trips/Day     □ 4 Trips/Day      □ 5 Trips/Day      
□ 6 Trips/Day     □ more than 6 Trips/Day [Please identify: _______ Trips/Day] 
B3.2 If you used the private car, please answer the following questions; 
 
B3.2.1 How much that you have to pay in a month for the fuel of car; 
□ less than 1001 Baht   □ 1,001-1,500 Baht     □ 1,501-2,000 Baht    □ 2,001-2,500 Baht  
□ 2,501-3,000 Baht      □ 3,001-3,500 Baht     □ 3,501-4,000 Baht     □ 4,001-4,500 Baht 
□ more than 4,500 Baht [Please identify: ________Baht] 
                  
B3.2.2 How much that you have to pay in a year for the maintenance of car; 
□ less than 3,001 Baht    □ 3,001-4,000 Baht    □ 4,001-5,000 Baht    □ 5,001-6,000 Baht  
□ 6,001-7,000 Baht        □ 7,001-8,000 Baht    □ 8,001-9,000 Baht     □ 9,001-10,000 Baht  
□ more than 10,000 Baht [Please identify: ________Baht] 
 
B3.2.3 How many trips that you usually make for a day? 
Note: From an origin to a destination, it is counted as 1 trip. Please consider the following 
examples. If in a day you only come to the office, and then go back to your house, so it means that 
you make 2 trips per day, from house to office and office to house. In the case that you travel to 
others before or after both places, this means you make the additional trips. For example, from 
house to office, office to shopping center, and shopping center to house, these become 3 trips.   
□ 2 Trips/Day     □ 3 Trips/Day     □ 4 Trips/Day      □ 5 Trips/Day      
□ 6 Trips/Day     □ more than 6 Trips/Day [Please identify: _______ Trips/Day] 
 
PART C: THE TRAFFIC IMPACT ASSESSMENT OF LAND DEVELOPMENT 
 
C1. Do you agree that one of main causes for traffic congestion in Bangkok is there is no any control for 
land usages and land developments along the road networks in Bangkok? 
□ Strongly Agree    □ Agree    □ About 50/50    □ Disagree    □ Strongly Disagree  
 
C2. Do you agree that the traffic congestion is one of main causes of pollution problems in Bangkok? 
□ Strongly Agree    □ Agree    □ About 50/50    □ Disagree    □ Strongly Disagree 
 
C3. In your opinion, where is the place that has the most severe problem of traffic congestion for 
Bangkapi District? Please answer from the most severe area to the less ones. 
1. Area:_____________________Road:__________________________ Sub-District: __________________  
2. Area:_____________________Road:__________________________ Sub-District: __________________  
3. Area:_____________________Road:__________________________ Sub-District: __________________  
If you have no ideas about this, please mark on the following answer: □ Do not know about this 
 
C4. In your opinion, where is the place that has the most severe problem of air and noise pollutions from 
traffic congestion for Bangkapi District? Please answer from the most severe area to the less ones. 
1. Area:_____________________Road:__________________________ Sub-District: __________________  
2. Area:_____________________Road:__________________________ Sub-District: __________________  
3. Area:_____________________Road:__________________________ Sub-District: __________________  
If you have no ideas about this, please mark on the following answer: □ Do not know about this 
 
C5. In your opinion between the economic losses, such as fuel and travel time consumptions, and the 
environmental degradations, including air and noise pollutions, in Bangkapi District, which one should 
be considered more seriously to evaluate and mitigate the impacts of land developments in this area? 
Please mark X on the answer that you agree. 
The economic losses should be consider more seriously 
than the environmental 
The environmental degradations should be consider more 
seriously than the economic 
Greatly more 
worsened 
Very  more 
worsened 
Fairly more 
worsened 
Slightly 
more 
worsened 
Both are 
the same Slightly 
more 
worsened 
Fairly more 
worsened 
Very  more 
worsened 
Greatly more 
worsened  
          
 
 
 
  
C6. In your opinion between the agency and community groups, who should have more important roles 
to control and mitigate the traffic impacts of land usages and land developments in Bangkapi District? 
Please mark X on the answer that you agree. 
The agency should have more important roles than the 
community 
The community should have more important roles than the 
agency 
Greatly more 
important 
Very  more 
important 
Fairly more 
important 
Slightly 
more 
important 
Both are 
the same Slightly 
more 
important 
Fairly more 
important 
Very  more 
important 
Greatly more 
important  
          
 
 
 
C7. By pair comparisons among three groups, including resident, commuter, and visitors, which group 
should be preserved as the higher priority group than another for mitigating the traffic impacts 
generated by land developments in Bangkapi District? Please mark X on the answer that you agree in 
each following question. 
 
Please compare Resident Group VS Commuter Group 
The resident should be preserved more priority than the 
commuter 
The commuter should be preserved more priority than the 
resident 
Greatly 
higher 
priority 
Very  
higher 
priority 
Fairly 
higher 
priority 
Slightly 
higher 
priority 
Both are 
the same Slightly 
higher 
priority 
Fairly 
higher 
priority 
Very  
higher 
priority 
Greatly 
higher 
priority  
          
 
 
 
Please compare Resident Group VS Visitor Group 
The resident should be preserved more priority than the 
commuter 
The visitors should be preserved more priority than the 
resident 
Greatly 
higher 
priority 
Very  
higher 
priority 
Fairly 
higher 
priority 
Slightly 
higher 
priority 
Both are 
the same Slightly 
higher 
priority 
Fairly 
higher 
priority 
Very  
higher 
priority 
Greatly 
higher 
priority  
          
 
 
 
Please compare Commuter Group VS Visitor Group 
The resident should be preserved more priority than the 
commuter 
The commuter should be preserved more priority than the 
resident 
Greatly 
higher 
priority 
Very  
higher 
priority 
Fairly 
higher 
priority 
Slightly 
higher 
priority 
Both are 
the same Slightly 
higher 
priority 
Fairly 
higher 
priority 
Very  
higher 
priority 
Greatly 
higher 
priority  
          
 
 
 
C8. If there are some land developments implemented in this area, and they create more congestion, 
your travel costs must be increased. How much are the maximum costs increased that you can accept?  
                □ less than 21 Baht/Trip      □ 21-40 Baht/Trip       □ 41-60 Baht/Trip      □ 61-80 Baht/Trip 
                □ 81-100 Baht/Trip              □ 101-120 Baht/Trip   □ more than 120 Baht/Trip       
 
C9. If that implemented land development project also cause to increase your travel time. How much is 
the increased maximum travel time that you can accept?  
                □ less than 16 Minutes/Trip   □ 16-30 Minutes/Trip  □ 31-45 Minutes/Trip   □ 46-60 Minutes/Trip 
                □ 61-75 Minutes/Trip             □ 76-90 Minutes/Trip  □ more than 90 Minutes/Trip                
 
C10. In your opinion between the higher travel costs that you have to pay and the increases of air and 
noise pollutions in this area, which one should be concerned more seriously to control the land 
development in Bangkapi District? Please mark X on the answer that you agree. 
  
The increase of pollution should be consider more seriously 
than the increased travel costs 
The increased travel costs that I have to pay should be 
consider more seriously than the increase of pollution 
Greatly 
higher 
priority 
Very  
higher 
priority 
Fairly 
higher 
priority 
Slightly 
higher 
priority 
Both are 
the same Slightly 
higher 
priority 
Fairly 
higher 
priority 
Very  
higher 
priority 
Greatly 
higher 
priority 
  
          
  
  
PART D: THE GENERAL INFORMATION OF RESPONDENT 
 
Please mark O the answers that related with you 
 
D1. Sex: 1) Male 2) Female 
1) Less than 21 years 2) 21 – 30 years 3) 31 – 40 years D2. Age: 4) 41 – 50 years 5) 51 – 60 years 6) More than 60 years 
1) Primary School 2) Secondary School 3) High School 
4) Diploma Degree 5) Bachelor Degree 6) Higher than Bachelor Degree  D3. Education: 
7) Other, identify:______   
1) Government Employee 2) State Enterprise 4) Private Company Employee 
3) Own Business 5) Students  6) Temporary Employee D4. Occupation: 
7) Hired Works 8) Other, identify:____  
1) Less than 3001 Baht 2) 3001 – 6000 Baht 3) 6001 – 9000 Baht 
4) 9001 – 12000 Baht 5) 12001-15000Baht 6) 15001-20000 Baht D5. Monthly Income: 
7) 20001 – 30000 Baht 8) 30001 – 40000 Baht 9) More than 40000 Baht 
D6. Please identify your accommodation based on these following information: 
Road:  
Sub-District:  
District:  
 
 
 
 
 
 
                                                             **************************** 
 
 
 
 
 
 
 
Thank You Very Much for Your Kind Cooperation 
  
 
 
 
 
 
 
 
 
 
 
APPENDIX C: THE ZONAL CHARACTERISTICS IN 
BANGKAPI AREA 
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APPENDIX D: THE ANALYIS RESULTS OF ANALYTIC 
HIERARCHY PROCESS 
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APPENDIX E: THE CHARACTERISTICS OF 
RESPONDENTS IN QUESTIONNAIRE AND INTERVIEW 
SURVEYS 
 
 
 
 
 
 
 
 
 
 
 
Residents Commuters Visitors
Count 30 26 29 85
% within Zone 35.29 30.59 34.12 100.00
% within Stakeholder Group 11.24 9.74 6.62 8.74
% of Total 3.09 2.67 2.98 8.74
Count 24 25 22 71
% within Zone 33.80 35.21 30.99 100.00
% within Stakeholder Group 8.99 9.36 5.02 7.30
% of Total 2.47 2.57 2.26 7.30
Count 23 26 24 73
% within Zone 31.51 35.62 32.88 100.00
% within Stakeholder Group 8.61 9.74 5.48 7.51
% of Total 2.37 2.67 2.47 7.51
Count 18 17 21 56
% within Zone 32.14 30.36 37.50 100.00
% within Stakeholder Group 6.74 6.37 4.79 5.76
% of Total 1.85 1.75 2.16 5.76
Count 4 4 4 12
% within Zone 33.33 33.33 33.33 100.00
% within Stakeholder Group 1.50 1.50 0.91 1.23
% of Total 0.41 0.41 0.41 1.23
Count 10 10 26 46
% within Zone 21.74 21.74 56.52 100.00
% within Stakeholder Group 3.75 3.75 5.94 4.73
% of Total 1.03 1.03 2.67 4.73
Count 26 22 42 90
% within Zone 28.89 24.44 46.67 100.00
% within Stakeholder Group 9.74 8.24 9.59 9.26
% of Total 2.67 2.26 4.32 9.26
Count 16 15 14 45
% within Zone 35.56 33.33 31.11 100.00
% within Stakeholder Group 5.99 5.62 3.20 4.63
% of Total 1.65 1.54 1.44 4.63
Count 30 41 58 129
% within Zone 23.26 31.78 44.96 100.00
% within Stakeholder Group 11.24 15.36 13.24 13.27
% of Total 3.09 4.22 5.97 13.27
Count 30 30 68 128
% within Zone 23.44 23.44 53.13 100.00
% within Stakeholder Group 11.24 11.24 15.53 13.17
% of Total 3.09 3.09 7.00 13.17
Count 4 4 27 35
% within Zone 11.43 11.43 77.14 100.00
% within Stakeholder Group 1.50 1.50 6.16 3.60
% of Total 0.41 0.41 2.78 3.60
Count 20 20 69 109
% within Zone 18.35 18.35 63.30 100.00
% within Stakeholder Group 7.49 7.49 15.75 11.21
% of Total 2.06 2.06 7.10 11.21
Count 21 19 29 69
% within Zone 30.43 27.54 42.03 100.00
% within Stakeholder Group 7.87 7.12 6.62 7.10
% of Total 2.16 1.95 2.98 7.10
Count 11 8 5 24
% within Zone 45.83 33.33 20.83 100.00
% within Stakeholder Group 4.12 3.00 1.14 2.47
% of Total 1.13 0.82 0.51 2.47
Count 267 267 438 972
% within Zone 27.47 27.47 45.06 100.00
% within Stakeholder Group 100.00 100.00 100.00 100.00
% of Total 27.47 27.47 45.06 100.00
Stakeholder Group TotalZone Details
173
174
167
168
169
170
179
180
Total
Appendix E1: The Data Distribution for Stakeholder Group from Questionnaire and Interview Surveys
175
176
177
178
171
172
Male Female
Count 40 45 85
% within Zone 47.06 52.94 100.00
% within Sex Group 8.71 8.77 8.74
% of Total 4.12 4.63 8.74
Count 37 34 71
% within Zone 52.11 47.89 100.00
% within Sex Group 8.06 6.63 7.30
% of Total 3.81 3.50 7.30
Count 38 35 73
% within Zone 52.05 47.95 100.00
% within Sex Group 8.28 6.82 7.51
% of Total 3.91 3.60 7.51
Count 30 26 56
% within Zone 53.57 46.43 100.00
% within Sex Group 6.54 5.07 5.76
% of Total 3.09 2.67 5.76
Count 9 3 12
% within Zone 75.00 25.00 100.00
% within Sex Group 1.96 0.58 1.23
% of Total 0.93 0.31 1.23
Count 20 26 46
% within Zone 43.48 56.52 100.00
% within Sex Group 4.36 5.07 4.73
% of Total 2.06 2.67 4.73
Count 31 59 90
% within Zone 34.44 65.56 100.00
% within Sex Group 6.75 11.50 9.26
% of Total 3.19 6.07 9.26
Count 25 20 45
% within Zone 55.56 44.44 100.00
% within Sex Group 5.45 3.90 4.63
% of Total 2.57 2.06 4.63
Count 68 61 129
% within Zone 52.71 47.29 100.00
% within Sex Group 14.81 11.89 13.27
% of Total 7.00 6.28 13.27
Count 58 70 128
% within Zone 45.31 54.69 100.00
% within Sex Group 12.64 13.65 13.17
% of Total 5.97 7.20 13.17
Count 13 22 35
% within Zone 37.14 62.86 100.00
% within Sex Group 2.83 4.29 3.60
% of Total 1.34 2.26 3.60
Count 39 70 109
% within Zone 35.78 64.22 100.00
% within Sex Group 8.50 13.65 11.21
% of Total 4.01 7.20 11.21
Count 39 30 69
% within Zone 56.52 43.48 100.00
% within Sex Group 8.50 5.85 7.10
% of Total 4.01 3.09 7.10
Count 12 12 24
% within Zone 50.00 50.00 100.00
% within Sex Group 2.61 2.34 2.47
% of Total 1.23 1.23 2.47
Count 459 513 972
% within Zone 47.22 52.78 100.00
% within Sex Group 100.00 100.00 100.00
% of Total 47.22 52.78 100.00
167
168
169
170
171
172
173
174
175
176
177
178
179
180
Total
Sex Group TotalDetails
Appendix E2: The Data Distribution for Sex Group from Questionnaire and Interview Surveys
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Appendix E7: The Data Distribution for Using Walking and Bicyling 
 from Questionnaire and Interview Surveys
Use Walkiing or Bicycle
Used
Count 13 13
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 6.13 6.13
% of Total 6.13 6.13
Count 17 17
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 8.02 8.02
% of Total 8.02 8.02
Count 14 14
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 6.60 6.60
% of Total 6.60 6.60
Count 12 12
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 5.66 5.66
% of Total 5.66 5.66
Count 13 13
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 6.13 6.13
% of Total 6.13 6.13
Count 22 22
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 10.38 10.38
% of Total 10.38 10.38
Count 15 15
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 7.08 7.08
% of Total 7.08 7.08
Count 26 26
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 12.26 12.26
% of Total 12.26 12.26
Count 26 26
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 12.26 12.26
% of Total 12.26 12.26
Count 5 5
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 2.36 2.36
% of Total 2.36 2.36
Count 19 19
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 8.96 8.96
% of Total 8.96 8.96
Count 19 19
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 8.96 8.96
% of Total 8.96 8.96
Count 11 11
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 5.19 5.19
% of Total 5.19 5.19
Count 212 212
% within Zone 100.00 100.00
% within Using Walkiing or Bicycling 100.00 100.00
% of Total 100.00 100.00
167
168
Total
174
175
176
177
Total
178
179
180
169
170
172
173
Zone Details
Appendix E8: The Data Distribution for Using Public 
 Motorcycle  from Questionnaire and Interview Surveys
Used Did not use
Count 7 7
% within Zone 100.00 100.00
% within Using Public Motorcycle 6.42 6.36
% of Total 6.36 6.36
Count 9 1 10
% within Zone 90.00 10.00 100.00
% within Using Public Motorcycle 8.26 100.00 9.09
% of Total 8.18 0.91 9.09
Count 12 12
% within Zone 100.00 100.00
% within Using Public Motorcycle 11.01 10.91
% of Total 10.91 10.91
Count 13 13
% within Zone 100.00 100.00
% within Using Public Motorcycle 11.93 11.82
% of Total 11.82 11.82
Count 1 1
% within Zone 100.00 100.00
% within Using Public Motorcycle 0.92 0.91
% of Total 0.91 0.91
Count 12 12
% within Zone 100.00 100.00
% within Using Public Motorcycle 11.01 10.91
% of Total 10.91 10.91
Count 14 14
% within Zone 100.00 100.00
% within Using Public Motorcycle 12.84 12.73
% of Total 12.73 12.73
Count 4 4
% within Zone 100.00 100.00
% within Using Public Motorcycle 3.67 3.64
% of Total 3.64 3.64
Count 6 6
% within Zone 100.00 100.00
% within Using Public Motorcycle 5.50 5.45
% of Total 5.45 5.45
Count 14 14
% within Zone 100.00 100.00
% within Using Public Motorcycle 12.84 12.73
% of Total 12.73 12.73
Count 3 3
% within Zone 100.00 100.00
% within Using Public Motorcycle 2.75 2.73
% of Total 2.73 2.73
Count 9 9
% within Zone 100.00 100.00
% within Using Public Motorcycle 8.26 8.18
% of Total 8.18 8.18
Count 5 5
% within Zone 100.00 100.00
% within Using Public Motorcycle 4.59 4.55
% of Total 4.55 4.55
Count 109 1 110
% within Zone 99.09 0.91 100.00
% within Using Public Motorcycle 100.00 100.00 100.00
% of Total 99.09 0.91 100.00
Total
Details
174
175
176
177
170
171
172
173
Using Public Motorcycle Total
178
179
Zone
167
168
169
Appendix E9: The Data Distribution for Using Taxi or Tuk Tuk 
 from Questionnaire and Interview Surveys
Using Taxi or Tuk Tuk 
Used
Count 19 19
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 27.14 27.14
% of Total 27.14 27.14
Count 4 4
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 5.71 5.71
% of Total 5.71 5.71
Count 11 11
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 15.71 15.71
% of Total 15.71 15.71
Count 4 4
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 5.71 5.71
% of Total 5.71 5.71
Count 1 1
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 1.43 1.43
% of Total 1.43 1.43
Count 5 5
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 7.14 7.14
% of Total 7.14 7.14
Count 2 2
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 2.86 2.86
% of Total 2.86 2.86
Count 1 1
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 1.43 1.43
% of Total 1.43 1.43
Count 5 5
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 7.14 7.14
% of Total 7.14 7.14
Count 6 6
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 8.57 8.57
% of Total 8.57 8.57
Count 2 2
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 2.86 2.86
% of Total 2.86 2.86
Count 7 7
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 10.00 10.00
% of Total 10.00 10.00
Count 3 3
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 4.29 4.29
% of Total 4.29 4.29
Count 70 70
% within Zone 100.00 100.00
% within Using Taxi or Tuk Tuk 100.00 100.00
% of Total 100.00 100.00
Total
177
178
179
169
170
171
172
Zone Details
167
168
Total
173
174
175
176
Appendix E10: The Data Distribution for Using Public Van
 from Questionnaire and Interview Surveys
Using Public Van
Used
Count 5 5
% within Zone 100.00 100.00
% within Using Public Van 7.81 7.81
% of Total 7.81 7.81
Count 4 4
% within Zone 100.00 100.00
% within Using Public Van 6.25 6.25
% of Total 6.25 6.25
Count 4 4
% within Zone 100.00 100.00
% within Using Public Van 6.25 6.25
% of Total 6.25 6.25
Count 4 4
% within Zone 100.00 100.00
% within Using Public Van 6.25 6.25
% of Total 6.25 6.25
Count 1 1
% within Zone 100.00 100.00
% within Using Public Van 1.56 1.56
% of Total 1.56 1.56
Count 9 9
% within Zone 100.00 100.00
% within Using Public Van 14.06 14.06
% of Total 14.06 14.06
Count 3 3
% within Zone 100.00 100.00
% within Using Public Van 4.69 4.69
% of Total 4.69 4.69
Count 8 8
% within Zone 100.00 100.00
% within Using Public Van 12.50 12.50
% of Total 12.50 12.50
Count 10 10
% within Zone 100.00 100.00
% within Using Public Van 15.63 15.63
% of Total 15.63 15.63
Count 4 4
% within Zone 100.00 100.00
% within Using Public Van 6.25 6.25
% of Total 6.25 6.25
Count 10 10
% within Zone 100.00 100.00
% within Using Public Van 15.63 15.63
% of Total 15.63 15.63
Count 2 2
% within Zone 100.00 100.00
% within Using Public Van 3.13 3.13
% of Total 3.13 3.13
Count 64 64
% within Zone 100.00 100.00
% within Using Public Van 100.00 100.00
% of Total 100.00 100.00
176
177
167
168
174
175
Total
178
179
Total
169
170
172
173
Zone Details
Appendix E11: The Data Distribution for Using Public Bus
 from Questionnaire and Interview Surveys
Using Public Bus
Used
Count 26 26
% within Zone 100.00 100.00
% within Using Public Bus 6.65 6.65
% of Total 6.65 6.65
Count 28 28
% within Zone 100.00 100.00
% within Using Public Bus 7.16 7.16
% of Total 7.16 7.16
Count 30 30
% within Zone 100.00 100.00
% within Using Public Bus 7.67 7.67
% of Total 7.67 7.67
Count 19 19
% within Zone 100.00 100.00
% within Using Public Bus 4.86 4.86
% of Total 4.86 4.86
Count 6 6
% within Zone 100.00 100.00
% within Using Public Bus 1.53 1.53
% of Total 1.53 1.53
Count 13 13
% within Zone 100.00 100.00
% within Using Public Bus 3.32 3.32
% of Total 3.32 3.32
Count 42 42
% within Zone 100.00 100.00
% within Using Public Bus 10.74 10.74
% of Total 10.74 10.74
Count 28 28
% within Zone 100.00 100.00
% within Using Public Bus 7.16 7.16
% of Total 7.16 7.16
Count 52 52
% within Zone 100.00 100.00
% within Using Public Bus 13.30 13.30
% of Total 13.30 13.30
Count 62 62
% within Zone 100.00 100.00
% within Using Public Bus 15.86 15.86
% of Total 15.86 15.86
Count 11 11
% within Zone 100.00 100.00
% within Using Public Bus 2.81 2.81
% of Total 2.81 2.81
Count 46 46
% within Zone 100.00 100.00
% within Using Public Bus 11.76 11.76
% of Total 11.76 11.76
Count 22 22
% within Zone 100.00 100.00
% within Using Public Bus 5.63 5.63
% of Total 5.63 5.63
Count 6 6
% within Zone 100.00 100.00
% within Using Public Bus 1.53 1.53
% of Total 1.53 1.53
Count 391 391
% within Zone 100.00 100.00
% within Using Public Bus 100.00 100.00
% of Total 100.00 100.00
167
168
Total
173
174
175
176
180
Total
177
178
179
169
170
171
172
Zone Details
Appendix E12: The Data Distribution for Using Public Boat
 from Questionnaire and Interview Surveys
Using Public Boat
Used
Count 1 1
% within Zone 100.00 100.00
% within Using Public Boat 14.29 14.29
% of Total 14.29 14.29
Count 1 1
% within Zone 100.00 100.00
% within Using Public Boat 14.29 14.29
% of Total 14.29 14.29
Count 2 2
% within Zone 100.00 100.00
% within Using Public Boat 28.57 28.57
% of Total 28.57 28.57
Count 3 3
% within Zone 100.00 100.00
% within Using Public Boat 42.86 42.86
% of Total 42.86 42.86
Count 7 7
% within Zone 100.00 100.00
% within Using Public Boat 100.00 100.00
% of Total 100.00 100.00
176
Total
Zone Details
167
172
Total
175
Appendix E13: The Data Distribution for Using Sky Train (BTS)
 from Questionnaire and Interview Surveys
Using Sky Train (BTS)
Used
Count 1 1
% within Zone 100.00 100.00
% within Using Sky Train (BTS) 33.33 33.33
% of Total 33.33 33.33
Count 1 1
% within Zone 100.00 100.00
% within Using Sky Train (BTS) 33.33 33.33
% of Total 33.33 33.33
Count 1 1
% within Zone 100.00 100.00
% within Using Sky Train (BTS) 33.33 33.33
% of Total 33.33 33.33
Count 3 3
% within Zone 100.00 100.00
% within Using Sky Train (BTS) 100.00 100.00
% of Total 100.00 100.00
Total
179
Total
Zone Details
167
168
Appendix E14: The Data Distribution for Using Private Motorcycle
 from Questionnaire and Interview Surveys
Using Private Motorcycle
Used
Count 6 6
% within Zone 100.00 100.00
% within Using Private Motorcycle 9.68 9.68
% of Total 9.68 9.68
Count 6 6
% within Zone 100.00 100.00
% within Using Private Motorcycle 9.68 9.68
% of Total 9.68 9.68
Count 6 6
% within Zone 100.00 100.00
% within Using Private Motorcycle 9.68 9.68
% of Total 9.68 9.68
Count 5 5
% within Zone 100.00 100.00
% within Using Private Motorcycle 8.06 8.06
% of Total 8.06 8.06
Count 4 4
% within Zone 100.00 100.00
% within Using Private Motorcycle 6.45 6.45
% of Total 6.45 6.45
Count 3 3
% within Zone 100.00 100.00
% within Using Private Motorcycle 4.84 4.84
% of Total 4.84 4.84
Count 4 4
% within Zone 100.00 100.00
% within Using Private Motorcycle 6.45 6.45
% of Total 6.45 6.45
Count 2 2
% within Zone 100.00 100.00
% within Using Private Motorcycle 3.23 3.23
% of Total 3.23 3.23
Count 4 4
% within Zone 100.00 100.00
% within Using Private Motorcycle 6.45 6.45
% of Total 6.45 6.45
Count 5 5
% within Zone 100.00 100.00
% within Using Private Motorcycle 8.06 8.06
% of Total 8.06 8.06
Count 1 1
% within Zone 100.00 100.00
% within Using Private Motorcycle 1.61 1.61
% of Total 1.61 1.61
Count 5 5
% within Zone 100.00 100.00
% within Using Private Motorcycle 8.06 8.06
% of Total 8.06 8.06
Count 7 7
% within Zone 100.00 100.00
% within Using Private Motorcycle 11.29 11.29
% of Total 11.29 11.29
Count 4 4
% within Zone 100.00 100.00
% within Using Private Motorcycle 6.45 6.45
% of Total 6.45 6.45
Total
177
178
179
169
170
171
172
Zone Details
167
168
173
174
175
176
180
Appendix E15: The Data Distribution for Using Private Car
 from Questionnaire and Interview Surveys
Using Private Car
Used
Count 19 19
% within Zone 100.00 100.00
% within Using Private Car 9.90 9.90
% of Total 9.90 9.90
Count 15 15
% within Zone 100.00 100.00
% within Using Private Car 7.81 7.81
% of Total 7.81 7.81
Count 12 12
% within Zone 100.00 100.00
% within Using Private Car 6.25 6.25
% of Total 6.25 6.25
Count 11 11
% within Zone 100.00 100.00
% within Using Private Car 5.73 5.73
% of Total 5.73 5.73
Count 1 1
% within Zone 100.00 100.00
% within Using Private Car 0.52 0.52
% of Total 0.52 0.52
Count 13 13
% within Zone 100.00 100.00
% within Using Private Car 6.77 6.77
% of Total 6.77 6.77
Count 9 9
% within Zone 100.00 100.00
% within Using Private Car 4.69 4.69
% of Total 4.69 4.69
Count 37 37
% within Zone 100.00 100.00
% within Using Private Car 19.27 19.27
% of Total 19.27 19.27
Count 15 15
% within Zone 100.00 100.00
% within Using Private Car 7.81 7.81
% of Total 7.81 7.81
Count 14 14
% within Zone 100.00 100.00
% within Using Private Car 7.29 7.29
% of Total 7.29 7.29
Count 25 25
% within Zone 100.00 100.00
% within Using Private Car 13.02 13.02
% of Total 13.02 13.02
Count 17 17
% within Zone 100.00 100.00
% within Using Private Car 8.85 8.85
% of Total 8.85 8.85
Count 4 4
% within Zone 100.00 100.00
% within Using Private Car 2.08 2.08
% of Total 2.08 2.08
Count 192 192
% within Zone 100.00 100.00
% within Using Private Car 100.00 100.00
% of Total 100.00 100.00
176
177
Total
167
168
173
175
Total
178
179
180
169
170
171
172
Zone Details
Appendix E16: The Data Distribution for Using Other Modes
 from Questionnaire and Interview Surveys
Used Did not use
Count 5 5
% within Zone 100.00 100.00
% within Using Other Modes 17.24 16.67
% of Total 16.67 16.67
Count 2 2
% within Zone 100.00 100.00
% within Using Other Modes 6.90 6.67
% of Total 6.67 6.67
Count 2 2
% within Zone 100.00 100.00
% within Using Other Modes 6.90 6.67
% of Total 6.67 6.67
Count 2 2
% within Zone 100.00 100.00
% within Using Other Modes 6.90 6.67
% of Total 6.67 6.67
Count 7 7
% within Zone 100.00 100.00
% within Using Other Modes 24.14 23.33
% of Total 23.33 23.33
Count 7 7
% within Zone 100.00 100.00
% within Using Other Modes 24.14 23.33
% of Total 23.33 23.33
Count 1 1 2
% within Zone 50.00 50.00 100.00
% within Using Other Modes 3.45 100.00 6.67
% of Total 3.33 3.33 6.67
Count 1 1
% within Zone 100.00 100.00
% within Using Other Modes 3.45 3.33
% of Total 3.33 3.33
Count 2 2
% within Zone 100.00 100.00
% within Using Other Modes 6.90 6.67
% of Total 6.67 6.67
Count 29 1 30
% within Zone 96.67 3.33 100.00
% within Using Other Modes 100.00 100.00 100.00
% of Total 96.67 3.33 100.00
Total
169
170
172
Zone Details
178
Total
Using Other Modes
167
168
175
176
173
